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ULTIPLE telangiectasia has long been known as a genetic trait, dependent 

upon a dominant hereditary factor. The first family history was presented 
in 1876 by Legg. Rendu, in 1896, was the first to associate the presence of 
epistaxis with telangiectatie capillary tufts as a clinical manifestation of a 
distinet morbid entity, and Osler further elaborated on this syndrome five years 
later. 

From time to time summaries of the reported families have appeared, all 
testifying to the dominant nature of the gene concerned. Hanes, in 1909, re- 
viewed fifteen families, including two of his own. Steiner, in 1917, recorded 
twenty-five published cases and added three more. In 1923 Fitz-Hugh was able 
to summarize 212 cases in thirty families, and by 1926 East listed thirty-five 
families. By 1930 there were on record 550 members of ninety families, and 
by 1932, about 600 members of 100 families (Goldstein, 1931, 1932). At the 
present time there are certainly more than a thousand cases on record, belonging 
to about 150 families. 

igi and Watkins, in reviewing the Mayo Clinic material recently (1943), 
state that ‘‘while the condition at times gives rise to fatal epistaxis, in general 
it does not inhibit development or shorten the span of life.’’ The sexes are 
equally affected, and in all but a very few instances the trait is obviously pres- 
ent in one of the parents of an affected individual. There have been oceasional 
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instances where neither parent has shown the telangiectasia (Cockayne, 1933), 
but these appear to be the result of internal manifestations only or mutation 
(Roberts, 1940). 

The criteria for diagnosis are generally agreed to be definite, hereditary, 
visible telangiectasia, usually of the nose, tongue, lips, face, or fingers, and 
a tendency to bleed from the lesions spontaneously or on minimal irritation 
(Larrabee and Littman, 1932). However, the lesions may be numerous or very 
few, or occasionally none may be found at all (Roberts, 1940). Roberts reports 
a case in which the attacks of epistaxis and the family history were typical, 
but a careful examination revealed only a single visible hemangioma which was 
upon the palate. He also records among thirteen new cases one mutation to 
multiple telangiectasia, the other twelve cases presenting family histories typical 
of the dominant heredity. 

A gene which is completely dominant produces the same effeet when hetero- 
zygous (that is, present only once; inherited from an affected parent, the other 
gene being the normal allele) as when homozygous (present in duplicate; in- 
herited from two affected parents). The gene for telangiectasia could be 
homozygous in any individual only if both parents had the dyserasia and each 
transmitted the gene to that individual. Nowhere, to our knowledge, has there 
been recorded an instance of the marriage of two persons exhibiting multiple 
telangiectasia. In all instances, at least one of the parents has been normal, 
so that we know only the heterozygous form of the condition and have had no 
opportunity up to now to observe the homozygous form. 

It has hitherto been assumed that the gene for multiple telangiectasia is 
completely dominant. But we have no right to say a priori that the homozygous 
state would be similar to the known heterozygous condition. Genetics is replete 
with examples of genes which, while resulting in viable deviations from normal 
in the heterozygous condition, are lethal in homozygous form. 

In man such genes are known or strongly suspected in minor brachydaetyly 
(Mohr and Wriedt, 1919), sebaceous evsts (Munro, 1938), and certain types of 
mental defects (Penrose, 1938). The name semidominant lethal has been given 
to genes of this nature by one of us (Snyder, 1940) to distinguish them from 
typical dominant genes on the one hand and from recessive lethal genes which 
produce no visible effect in the heterozygous state on the other. 

There has recently come before us a case (Fig. 1) which would indicate 
that the gene for multiple telangiectasia is a semidominant lethal gene, the 
homozygous state of which is incompatible with life. This case is, to the best 
of our knowledge, the first recorded instance of an offspring with two proved 
telangiectatic parents. 

CASE REPORT 

Ek. A. P., an 8-pound white female infant, was born at term by low forceps delivery 
Oct. 23, 1942, in White Cross Hospital, Columbus, Ohio, the first child of young parents. At 
the time of birth the baby appeared normal in every respect, except for an area approximately 
5 em. in diameter over the left breast and clavicle in which the superficial vascular bed was 
strikingly dilated. In addition to the prominent larger branches of the vascular tree, the 
arterioles, capillaries, and venules were diffusely dilated, giving an overall hyperemia which 
could be readily obliterated by light pressure over the area. There was no ulceration and 


no other skin or mucous membrane blemish. The attending obstetrician explained this to 
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Fig. 1.—a, Generalized multiple telangiectasia in infant 10 weeks, 4 days of age. Note 
large ulcerated area involving the neck and left chest. 


b, The hemangiomas stand out prominently, surrounded by a lighter halo against a back- 
ground of generalized diffuse cyanosis during crying episodes. 


ce, All internal organs, including the brain, showed multiple hemangiomas and hemorrhage. 
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the parents as a ‘‘port-wine birthmark,’’ which could be treated at the proper time and 
Which need cause no immediate concern. The mother and baby were discharged from the 
hospital to their home on the second day. 

On the fifth day after birth the mother noticed for the first time the appearance of 
three small slightly raised ‘‘red spots’’ on the infant’s right cheek near the corner of the 
mouth, By the ninth day five small, pinhead sized, raised, red areas were present on the 
face, and several similar lesions were noted on each hand; the infant continued to be 
mentally alert and was physically well developed and well nourished. On the twenty-second 
day the infant had developed both vertical and rotary eve coordination and would fix her 
vision on a light or any bright object. 

By November 18, when the baby was 26 days old, these red ‘* purpuric’’ areas had spread 
sufficiently so that the attending physician referred the patient to one of us (C. A. D.). 
When seen at this time the infant was well nourished, alert, and in no apparent pain or 
distress. The formula was being taken satisfactorily and a satisfactory weight gain had been 
recorded since birth. The skin and mucous membranes did not suggest any anemia; how 
ever, scattered sparsely over these surfaces were flat or slightly raised, sharply circumscribed, 
bright cherry red subcutaneous areas, ranging in size from 1 to 5 mm., and in the region 
of the left clavicle was a similar but much larger diffusely hyperemic, purple-red lesion under 
a very thin superficial layer of epithelium. Both large and small lesions could be readily 
and completely obliterated by light pressure. There were no true petechiae or ecchymoses 
demonstrated anywhere. <A detailed analysis, particularly of the larger lesions, left no 
doubt as to the nature and extent of the engorgement and dilatation of localized capillary 
tufts responsible for the findings. There was no generalized Ivmphadenopathy. The heart 
and lungs were normal to physical examination. Neither spleen nor liver could be palpated, 
and there were no intra-abdominal masses. Neurologic findings were physiologic. 

Laboratory data at this time showed normal urine and stool; total white blood cells, 
10,500; total red blood cells, 4,760,000; hemoglobin, 12.8 Gm.; reticulocytes, 0.6 per cent; 
blood platelets, 932,960 per cubie millimeter, supravital differential of the white blood cells: 
polymorphonuclear neutrophiles, mature, actively motile, 35 per cent; eosinophiles, 1 per cent; 
lymphocytes, small, mature, 59 per cent; monocytes, mature, 5 per cent. There were no 
significant qualitative abnormalities seen in any of the circulating elements. Bleeding and 
coagulation times were normal. A diagnosis was made of ‘‘hereditary hemorrhagic 
telangiectasia,’’ of Rendu-Osler type, without as vet any hemorrhagic manifestations. The 
potential danger of hemorrhage from any skin ‘or mucous membrane lesion was explained 
to the mother. 
urine and stool. The in- 


At 28 days of age the first signs of hemorrhage appeared in 
fant became more fretful and wakeful, and her increased activity and fingernail scratching 
of the large superficial subelavicular birth lesion resulted in a breakdown of the skin with a 
slow oozing of blood difficult to control. The telangiectatic foci became suddenly much 
more numerous on face, hands, arms, legs, palms, and soles of feet. A low-grade fever 
developed and she refused her formula. During crying spells the entire skin of the body 
and the mucous membranes would develop a reddish purple cyanosis, with the superimposed 
deeper telangiectatic foci prominently and numerously highlighted (Fig. 1, b). 

A progressive downhill clinical course continued at home until Jan. 1, 1943, when the 
baby was admitted to the Hematology Service at University Hospital because of increasing 
weakness, pallor, fever, insomnia, anorexia, vomiting, constipation alternating with bloody 
diarrhea, hematuria, and apparent loss of vision, Admission weight was 9 pounds; tempera- 
ture, 101° F. (rectally); pulse, 140; respiration, 26. The skin and mucous membranes 
at this time were very pale and were literally peppered everywhere, including the scalp, 
with enlarged capillary hemangiomas ranging in size from 5 mm. to 1 em. (Fig. 1, a). The 
skin over the large birth lesion had completely broken down and was covered with a blood 
clot. Vision was completely lost due to bilateral retinal hemorrhages, and periodically the 
infant would suddenly cry out as though from sudden pain. No new findings were noted 
on physical examination except extreme pallor alternating with a generalized dusky cyanosis 
when erying (Fig. 1, 6) and a marked, diffuse, precordial, systolic murmur presumedly 
hemie in origin. Hematology—total white blood cells, 27,800; total red blood cells, 
1,770,000; hemoglobin, 6.1 Gm.; reticulocytes, 1.0 per cent; blood platelets, 297,360 per cubic 
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millimeter; supravital differential of the white blood cells: | polymorphonuclear neutrophiles, 


motile, mature, segmented, 37 per cent; nonsegmented, 51 per cent; metamyelocytes, 1 per 


cent; myelocytes ‘*C,’? 3 per cent; basophiles, 1 per cent; eosinophiles, 0; lymphocytes, small, 
mature, 23 per cent; monocytes, 4 per cent. Urine, negative for albumin and sugar. Micro 
scopic 2-3 red blood cells per high-power field. Feces, occult blood positive. 

Under observation new hemangiomas were seen to develop each day, and existing 


foci tended to enlarge and in some instances coalesce with adjacent tufts. Kodachrome 


records were obtained which showed the lesions before and during crying with the develop 
ment of the generalized cyanosis with diffuse widespread capillary bed dilatation already 
mentioned. The formula was adjusted and taken and retained, orange juice and cod-liver 
oil were added, but otherwise little change was noted. 

When the child was discharged from the hospital Jan. 5, 1945, the hematologic data 
were as follows: total white blood cells, 21,300; total red blood cells, 1,440,000; hemoglobin, 
2.5 Gm.; reticulocytes, 0.8 per cent; blood platelets, 406,080 per cubic millimeter; supravital 
differential of the white blood cells: -polymorphonuclear neutrophiles, mature, actively motile, 
71 per cent; metamyelocytes, 2 per cent; myelocytes ‘‘C,’’ 2 per cent; lymphocytes, small, 7 
per cent; monocytes, 18 per cent. 

The patient’s condition became steadily worse and death occurred at home 6:00 A.M., 
Jan. 10, 1945, at the age 2 months, 18 days. A post-mortem examination was made at the 
University Hospital 10:00 a.m, the same date. The body weighed 3,450 Gm. The anatomic 
findings and the final histopathologie diagnosis ineluded general malnutrition, multiple 
hemangio-endotheliomas, telangieetases of the skin, mucous membranes, lungs, spleen, liver, 
intestines, kidneys, and brain; ulceration of large telangiectatic area on the upper left chest; 
pulmonary congestion, edema, and atelectasis; congestion of adrenals, kidneys, and brain; 
hyperplastic red bone marrow. In summary, this infant exhibited a fundamental deficiency 
involving solely the vascular tree, more particularly the capillary bed and small venules, with 
the development in utero of one large localized area of pathologie dilatation over the left 
chest. Shortly after birth this vascular defect further manifested itself through the rapid 
development of multiple telangiectatic hemangio-endotheliomas involving the entire super 
ficial skin and mucous membranes and the majority of the internal organs. Both superficial 
and internal hemorrhages occurred, speedily interfering with normel gastrointestinal and 
urinary functions, with a fatal outcome due principally to the profound anemia which 


resulted. 
DISCUSSION 


The appearance of the infant when first seen by us, covered as she was with 
multiple, raised, red areas which blanched or completely disappeared under 
pressure, immediately suggested fulminant generalized telangiectasia. Since 
the usual onset is during childhood or adolescence, and since the usual oceur- 
rence of lesions is far less extensive and severe than in this instance, it seemed 
possible that this case might represent the homozygous manifestation of the 
gene previously known only in the heterozygous form. 

Accordingly the family was carefully investigated for the occurrence of 
telangiectasia. Fortunately, in addition to the parents all four grandparents 
were living, readily available, and fully cooperative. Examination revealed that 
both parents, the maternal grandfather, and the paternal grandmother exhibited 
classical superficial telangiectatie foci. Neither parent had any past personal 
history of epistaxis or any unusual bleeding tendency. Both had always been 
in good health, and the father, at the time of the birth of his daughter, was serv- 
ing in the U. S. Army. On physical examination eight small (from 5 to 25 
mm. in diameter) telangiectatic foci were found seattered over the surface of 
the skin of the mother and three on the father. No mucous membrane lesions 
were found, and the readily obliterated telangiectatic capillary tufts in the skin 
showed no tendency to enlarge or hemorrhage. 
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The maternal grandfather of the patient, 42 vears of age, reported fre- 
quent spontaneous epistaxes following excessive exercise or overheating up to 
16 vears of age. Since then they have oeeurred much less frequently. On in- 
spection fifteen telangiectatic foe: were readily found from (5 to 15 mm. in 
diameter) on face, shoulders, abdominal wall, and buttocks; none could be seen 
in the mucous membranes of the nose or nasopharynx. The paternal grand- 
mother, 60 vears of age, while having no past personal history of hemorrhage, 
showed twelve typical telangiectatie tufts (from 5 mm. to 5@ mm. in diameter) 
scattered subeutaneously over the torso, some raised, others flat, but all readily 
obliterated on pressure; no mucous membrane lesions were seen. 

One paternal uncle of the patient is said to be a ‘‘bleeder,’’ having ex- 
perienced a near-fatal hemorrhage at birth. This individual is married and 
has a normal child but has not been available for direct questioning or examina- 


tion. Three other paternal granduneles have rather severe diabetes mellitus. 





Fig. 2.—Family history of the patient. Solid squares and circles represent classical 
telangiectasia, solid circle with projecting spokes represents the patient, who apparently had 
the homozygous lethal torm of the dyscrasia. The patient died at 11 weeks of age. 

The family history is presented in Fig. 2. Inspection of the pedigree will 
at once reveal the fact that multiple telangiectasia appeared in both sides of 
the family, being transmitted in typieal heterozygous form until it reached 
the infant under discussion. Here the opportunity was presented for the gene 
to be inherited from both parents and to occur in the homozygous state. The 
added facts that the trait was first manifested during fetal life, followed by the 
rapid development of multiple telangiectasia during the first weeks of life, and 
that the progress and extent of the vascular defect were far more severe than 
the usual manifestations, terminating in early death, support the correctness of 
the assumption that this infant represents the expression of the homozygous 
state of the gene. 

The question of the occurrence of the same condition in future children 
logically arises. Letting 7 represent the semidominant lethal gene for telangi- 
ectasia and ¢ represent its recessive norinal alleie, three genotypes are possible. 
They are 77, resulting in the lethal form of the trait; 7't, resulting in classical 
telangiectasia; and ff, resulting in the absence of the dyserasia. 

The parents of the infant were obviously each of the genotype Tt. Their 
offspring would be expected to oecur in the ratio one T7: two 7T't: one tt. The 
chances of another child being affected with the lethal form of the dyserasia 
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are thus one in four. The chances of a child in this family having classical 
telangiectasia would be two in four, and of a child being completely unaffected, 
one in four. 

It may be added that there are on record a number of instances of gen- 
eralized telangiectasia in adults. These differ markedly from the present case 
in several respects. The onset is very much later, the telangiectasia are far 
less extensive, no family history is presented, and the condition is entirely eom- 
patible with life. Examples of adult-aequired generalized telangiectasia are 
those of Osler (1907) and Ormsby and Mitchell (1922). 

Osler’s patient was a man of 8&9, with generalized telangiectasia of trunk 
and extremities of about ten years’ duration. The family history was negative. 
The patient of Ormsby and Mitchell was a 33-year-old woman with a generalized 
telangiectasia of twenty years’ duration, found on face, forehead, neck, chest, 


hack, arms, fingers, and palms. 


SUMMARY 


A case is presented of rapidly developing, severe, generalized, multiple 
telangiectasia in a newborn female infant. The condition, beginnine in utero, 
was incompatible with life, death occurring at 11 weeks of age. Classical telangi- 
ectatie hemangiomas occurred in the paternal grandmother, the maternal grand- 
father, and both parents. The family history suggests the probability that this 
case represents the first recorded instance of the homozygous form of the dys- 


erasia and that the gene for multiple telangiectasia is lethal when homozygous. 
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SYMPATHOLYTIC. TREATMENT OF EXPERIMENTAL 
HYPERTENSION 


JOHN JACOBS, M.D., AND FREDRICK F, YoNKMAN, PH.D., M.D. 
Dererroirr, Mice. 


|* APRIL, 1940, the following statement! was made with reference to desirable 
therapy for essential hypertension: ** Theoretically, a chemical substance 
capable of neutralizing or inhibiting the action of any vasoconstricting agent, 
whether it be epinephrine, pituitrin, renin, or sympathin, would be the agent 
of choice...) .) By this means we may probably treat essential hyper- 
tension.”> This statement was predicated upon experimental results obtained 
with vohimbine hydrochloride and ethyl vohimbine hydrochloride whieh 
demonstrated the antisympathicomimetic potentialities of these agents. They 
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Fig. 1.—Arterial tension of a dog recorded by arterial puncture and expressed in milli- 
meters of mercury. Note that tension is elevated postoperatively but is decreased by ethyl 
yohimbine, 3 mg. per kilogram, and that the normal hypertensive effect of epinephrine, 0.005 
mg. per kilogram, is reversed by the yohimbine radicle. (Courtesy Chase, Yonkman, and Leh- 


man.,? 


are antiadrenergie at vasoconstrictor foci? and are both adrenolytie and sym- 
patholytie for salivation and mydriasis.* The vaseular ‘‘epinephrine-reversal ”’ 
effeet is maintained under these yohimbine salts even in the hypertensive 
From the Department of Pharmacology and Therapeutics, Wayne University 
feceived for publication, April 7, 1944. 
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state,! and it was this fact (Fig. 1) which prompted the present study. It 
Was assumed that if yohimbine and its congeners paralyzed sympathetic 
eontrol of the vascular bed after intravenous administration, the same anti- 
sympathetic action might be obtained in hypertensive animals after prolonged 
oral feeding of the drugs. The result then should become manifest by a gradual 


reduction in blood pressure, 


METHOD 


Does of both sexes, averaging about 20 Ke. in weight, were anesthetized 
with pentobarbital given intravenously, and their kidneys were encased by 
the Page’ technique, using oiled silk for envelopes instead of cellophane, since 
the latter was too prone to become fragmented before an appreciable degree 
of constricting fibrocollagenous deposition had been effected perirenally. 
These envelopes were prepared in advance with purse string sutures so as to 
anchor the jacket loosely around the hilus. They were then autoclaved and 
kept sterile. 

Svstolie and diastolic blood pressures were recorded at intervals of from 


five to seven days from the brachial artery with a pediatrie cuff, stethoscope, 


TABLE | 
EXPERIMENTAL HYPERTENSION IN DoGs 


MEAN BLOOD PRESSURES IN MILLIMETERS OF MERCURY 


VALUE Of 
rR TMENT 
MAXI ropesjeesvaotion IN ee = 
-ERCEN 
ANIMALS NORMAL FOLLOWING) STABILIZED FIN AI REMARKS 
MUM ° AGE OF 
MAXIMUM 
PRESSURI 
REPUCTION 


Controls 
Group A YY : 100 Dummy opera 
tion; kidneys 
stripped but 
not wrapped 


Group B JS 160 149 152 152 Operated but 
unmedicated 
Group C 10s 142 137 137 137 Operated but 


uninedicated 
Medicated 
Group ID) 10] 165 19 160 121 24 Received 20 me. 
per kilogram 
of yohimbine 
hydrochloride 
for 35 davs 
Group E ay 52 144 ltt 132 S Received 20 me. 
per kilogram 
of yvohimbine 
iwdrochloride 
for 33 davs 
Group F a2 I 1s 145 147 liz 3 Received 20 mg 
per kilogram 
of yohimbine 
hydrochloride 
for 23 days 
Group G Q7 156 150 151 151 Received 2) mg. 
per kilogram 
of yohimbine 
livdrochloride 
for 17 days 


*Prior to treatment. 
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and aneroid manometer.® All control and experimental pressures were read )) 
the same individual after the dogs were trained to mount a stairway and lie 
quietly unrestrained for from: fifteen to thirty minutes upon a padded table. 

Kood, water, and exercise were permitted ad libitum Medication con- 
sisted of yohimbine hydrochloride* in a dose of 20 mg. per kilogram daily; it 
was administered orally in capsule form for varying periods of time after the 


hypertensive level had become stabilized for ten days or more, 
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RESULTS 

More than twenty dogs were employed in this project hut some failed to 
survive long enough to be of much value from the point of view of evaluating 
treatment. This was especially true for those animals in which both kidneys 
had been encapsulated. Hypertension developed so rapidly and so severely in 
these that death not infrequently occurred in three or four weeks after sur- 
very. Hence, unilateral envelopment was resorted to. Table LI presents the 


* Adequate supplies were made available by Merck & Co., Inc., Rahway, N. J. 
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data on seven dogs, three of which served as controls and four as experimental 
subjects. One of the control dogs (A) was operated in the same manner as the 
other dogs except that after the perirenal adnexa had been stripped, no oiled 
silk envelopes were placed around the kidneys. This animal’s mean blood pres- 
sure remained stabilized at approximately 100 mm. Hg. Dogs B and C became 
hypertensive following renal encasement, their mean blood pressures stabilized 
at 152 and 137 mm. He, respectively. They received no treatment and served 
as controls for the medicated animals, Dogs D, E, Fy, and G, whose pressures 
stabilized at 160, 144, 147, and 151 mm. He, respectively. Reduction of blood 
pressure occurred in three of these medicated hypertensive dogs, but in only 
two (ID and E) was the decrease of significance, 24 per cent reduction in Dog 
I) and & per cent in Dog KE. It is problematie whether sustained medication 
might have effected further pressure reduction in all dogs, especially in E and 
F. This could not be determined.* Data are charted in Figs. 2 and 3. 
Initially, the total dose of 20 me. per kilogram of vohimbine hvdrochtoride 
Was given in one administration. This brought on severe symptoms of weak- 
ness, incoordination, partial paralysis, salivation, panting, general restlessness, 
and suggestions of apprehension from about thirty to forty minutes after inges- 
tion. These reactions are typical of aeute hypotension ; they endured for about 
forty-five or sixty minutes, and their severity necessitated division of the medi- 
cation into three daily doses of 7 mg. per kilogram each. Later, two doses of 
10 mg. per kilogram were given, and, finally, the original 20 mg. dosage was 
well tolerated. Henee, it seems that a degree of tolerance is developed to cer- 


tain actions of this alkaloid. 


DISCUSSION 

Hypertension developed by the Page technique ean be reduced by an anti- 
adrenergic vasodilator such as vohimbine. This reduction is not uniformly pro- 
dueed and it varies in degree with this type of therapy. Final conclusions re- 
garding the evaluation of such treatment in terms of the percentage drop in 
blood pressure per animal as well as the incidence of significant decreases in 
the group treated await further investigation, 

The pharmacologic action of yohimbine in this situation has as vet not been 
determined. Whether some break in ‘*Page’s humoral sequence’? is produced 
by release of renal ischemia, inhibition of renin, or dampening of angiotonin’s 
effect is a moot point. It can be stated, however, that the laiter does not 
seem probable, since in acute vascular studies’ vohimbine does not interfere 
with the normal vasoconstrictor action of angiotonin. Thus, it would seem 
plausible that vasoconstrictor tone may be lessened, either by a direct nitritelike 
action or, more probably, by an antiadrenergie or svmpatholytie action in rela- 
tion to neural vasoconstrictor control of blood vessels.**  Epinephrine-reversal 
experiments in this series of hypertensive dogs were not done because of the 
hazards associated with acute hypotension induced by this procedure. This 
experiment is contemplated in our next series and further light on the nature 


of yohimbine’s action in this hypertensive state should be forthcoming. 





*John Jacobs entered the U. S. Army Aug. 16, 1943, 














JACOBS AND YONKMAN: EXPERIMENTAL ILYPERTENSION 1221 


SUMMARY 


1. Yohimbine hydrochloride, 20 me. per kilogram when orally admin- 
istered, reduces the mean arterial tension of dogs rendered hypertensive by the 
Page technique of perirenal envelopment. 

2. Reduction of arterial tension was effected in three of four dogs. One 
was of real significance, another of some, and the third was inconsequential ; 
these appraisals were made after thirty-five, thirty-three, and twenty-three days 
of medication, respectively. Sustained medication for longer periods would 
he desirable. 

3. The locus of vohimbine’s pharmacologic action in this type of hyper- 
tension is probably in the neuromuscular receptors associated with sympathetic 


vasoconstrictors and is probably antiadrenerei¢ or sympatholyvtie in nature. 
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TOXICITY OF YOHIMBINE HYDROCHLORIDE 


FREDRICK IF’, YONKMAN, PuH.D., M.D. 
Derrorr, Micu. 


. eae IMBINE is said to be less toxic than cocaine,’ but data regarding chronic 
toxicity during prolonged feeding are not available. Procurement of these 
data seemed desirable because of the potential value of this alkaloid in experi- 
mental treatment of hypertension, particularly of the neurogenic type. It is 
conceivable that vascular spasticity may be released by yohimbine since this 
drug is sympatholytic? as well as adrenolytic.© Should the drug be too toxie, 
however, clinical trial would have to be discouraged despite the nicet\ of one’s 
therapeutic rationale. 

METHOD 

Young white rats of both sexes were divided into four groups of four each 
with at least one male or female appearing in each group for breeding purposes 
during the first experiment. Sexes were separated in the four groups utilized 
for the second experiment. A basic ration consisting of Steenhock’s diet was 
fed ad libitum, and yohimbine hydrochloride* was added to the drinking water 
bottles and was likewise permitted ad libitum. Control rats (Groups A and E) 
received tap water and experimental rats (Tables I and Il) received yohimbine 
in tap water as follows: Group B, 1:40,000; Group C, 1:80,000; Group D, 
1 :54,000; Group F, 1:10,000; Group G, 1:5,000; and Group H, 1:1,000. Fresh 
solutions of vohimbine were made every two or three days because of the sup- 
posed instability of the solution.’ All rats were weighed individually at six- 
or seven-day intervals, but the average weight of each group of animals was 
chosen for charting purposes in presenting the growth curves. Careful watch 
was made for any signs or symptoms which might indicate toxicity, and the 
average daily water consumption was determined on two occasions, six weeks 
apart. 

One animal selected at random from Groups A, B, C, D, E, F, G and the 
lone surviving animal in group IL were autopsied by Dr. Mark Maun, of the De- 
partment of Pathology. 

RESULTS 

Growth curves of the experimental rats in the first study, which lasted for 
thirteen weeks (Fig. 1), indicate that the growth of animals which were per- 
mitted access to yohimbine in concentrations of 1:80,000, 1:54,000 and 1 :40,000 
compared favorably with those shown by the controls. Reproduction was ap- 

*Yohimbine hydrochloride was generously supplied to us by Merck & Co., Inec., Rahway, 
N. J., and will be referred to in this paper as yohimbine. 

From the Department of Pharmacology and Therapeutics, Wayne University College of 
Medicine. 

\cknowledgment is hereby made to Mr. Elmer Fisher, technician, for his cooperation in 


this project. 
Received for publication, May &, 1944 
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TABLE I] 
: YOHIMBINE FEEDING STUDIES IN WHITE RATS 
(Feeding Begun 11/15/41; Autopsies Performed 2/16/42) 
GROUPS (WEIGHT IN GM. 
WEEKS A BO! Cc D REMARKS 
CONTROLS 1:40,000* 1:80,000* 1:54,000 
I (127 107 118 108 
2 167 112 126 114 
3 42 145 153 140 
} 189 155 171 142 
o 208 168 197 153 
0 949 204 P06 1S4 
7 253 208 210 196 
Ss 252 209 222 221 
+] 266 221 229 L190 2 of 4 rats in Group D had normal litters 
10 265 205 209 205 1 of 4 rats in Group B had a normal litter 
11 247 186 211 219 1 of 4 rats in Group A had a normal litte 
12 254 217 237 223 
Ls 259 229 242 220 1 of 4 rats in Group D had a normal litter 
*Concentration of yohimbine in Crinking water. 
TABLE II 
YOHIMBINE FEEDING STUDIES IN WHITE RATS 
(Feeding Begun 2/13/42; Autopsies Performed 5/25/42) 
GROUPS (WEIGHT IN GM.) 
WEEKS bE k G H REMARKS 
CONTROLS 1:10,000* 1:5,000° 1:1,000 
l 61 3D 69 60 
D0 e.e, 33 €.e, 27 ¢.e. 6 ¢.e. Daily water consumption per rat 
2 63 19 5S 43 
3 74 69 76 64 2 of 4 animals died; rats in groups F, 
G, and H all drink less water but eat 
more than control rats 
{ 105 9] 95 68 
> 119 103 99 05 
6 142 L05 107 80 Third of 4 rats died 
48 c¢.e, 35 ¢.e. BOG... D ¢.e. Daily water consumption per rat 
7 171 126 141 55 
Ss 182 134 142 60 
9 198 138 157 63 
10 230 147 171 66 
11 241 178 1S( 85 
12 247 179 183 ST 
13 228 179 19] 100 


14 214 ISS i8] 9S 


*Concentration of yohimbine in drinking water. 


parently not interfered with, since in two groups, B and D, litters appeared 
as in control Group A. In Group D a total of three litters appeared. All rats 
seemed to be in good health amd their habits were normal. 

Growth curves of the experimental rats in the second study, which extended 
through fourteen weeks (Fig. 2), indicate that vohimbine in concentrations of 
1:10,000 and 1:5,000 were quite well tolerated, but a concentration of 1:1,000 
was definitely detrimental to growth. In the latter group (H, 1:1,000) two of 
four rats died during the third week and another during the fifth week of the 
experiment. Water consumption studies revealed that less water was consumed 
as the concentration of yohimbine was increased. At no time did the members 
of Group H appear at full vigor, and members of Groups F and G seemed to 
have lost some of their usual vigor during the last three or four weeks. 
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Gross and microscopic examination revealed no significant deviation from 
the normal. In only one animal (the lone survivor of Group H, 1:1,000° con- 
centration of vohimbine) were there any aberrant findings which might be at- 


tributed to the medication. The pathologic report follows: 
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Gross Eramination—The tissues appeared grossly normal at autopsy. 
Microscopic Findings.—Liver: Sections showed a very slight fatty meta- 


morphosis uniformly seattered throughout the liver. Aidneys: Sections showed 
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the glomeruli to be normal. A few collections of Ivmphocytes were seen about a 
few of them. A few of the cells of the convoluted tubules showed slight 
hvdropie changes. 

Comment—The changes in the organs might possibly have been due to a 
medicament but, if so, we would have to consider them to be extremely minimal. 
Similar findings are often found in animals without explainable causes. 

Diagnosis.—Mild fatty metamorphosis of the liver. 


DISCUSSION 


Yohimbine seems to be fairly well tolerated in varying concentrations until 
a 1:1,000 proportion is fed ad libitum. Only one rat of four on this concentra- 
tion survived the fourteen-week feeding period. Since vohimbine solution was 
taken in such sparing quantities (5 ¢.¢. per day), one surmises that (1) dlis- 
taste for the bitter alkaloid may have been responsible for the relative dehydra- 
tion and (2) the latter in turn may have accounted for the slow and rather 
meager gain in weight in the lone survival in Group H. This is consistent with 
the autopsy findings, since the kidney, liver, and all other organs seemed to be 
essentially normal. In other words, yohimbine, when fed in the concentrations 
here employed, does not seem to be significantly histopathologic in white rats. 

Appearance of three normal litters from rats fed on concentrations of 
1:40,000 and 1:54,000 suggests that the drug does not affect reproduction in 
these concentrations. 

Yohimbine solutions ingested in concentrations of 1:5,000 and = 1:10,000 
exerted no obvious toxie effect. This observation suggests that clinical trial 
with comparable doses per os or with porportionately smaller amounts paren- 
terally might be made. Extreme caution should be exercised however in giving 


such a potent vasodilator in man. 


SUMMARY AND CONCLUSION 


Yohimbine, fed ad libitum to rats in drinking water, seems to be nontoxic 
for over three months except when the concentration in the water is increased 
to 1:1,000. On higher dilutions growth and vigor are generally maintained at 
good levels and habits are normal. Autopsy findings are essentially normal. 
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NUTRITIONAL MACROCYTIC ANEMIA IN PATIENTS WITH 
PELLAGRA OR DEFICIENCY OF THE VITAMIN B 
COMPLEX 


Cart V. Moore, M.D., Ro Virrer, M.D., V. Minnicu, M.S., ANd T. D. Spires, M.D. 


HE macrocytie anemia which occurs in some patients with pellagra or other 

vitamin B complex deficiency states has not been thoroughly studied. Very 
little definite information about its pathogenesis has been accumulated. No 
assays of the gastrie contents for intrinsic factor or of the liver for antiper- 
nicious anemia factor have been reported. It has been determined that  pa- 
tients with pellagra without a significant degree of macrocytic anemia have in- 
trinsic factor in their stomachs' and that the liver of a patient who died of un- 
complicated pellagra before any treatment had been instituted contained the 
antipernicious anemia substance? but these observations cannot be accepted as 
applying to subjects who have macroeytic anemia in addition. The suggestion 
has been made that the anemia may be caused by a dietary deficieney of Castle's 
extrinsie factor® * and in this regard possibly be similar to the nutritional macro- 
evtic anemia found in tropical’: '? and, more rarely, temperate zones.'*'* 7? 
Because achlorhydria and diarrhea are common attendant manifestations, sharp 
clinical differentiation of the anemia from addisonian pernicious anemia and 


9 


from nontropical sprue has been difficult.’ 

The investigations reported in this communication were undertaken as a 
study of the pathogenesis of the macroeytie anemia of pellagra. They demon- 
strate that there is a dietary deficiency of extrinsic factor associated in many, 
but not all, instances with poor absorption from the intestinal tract. Inadequate 
production of intrinsic factor was probably a contributing influence. Niacin, 
thiamine, riboflavin, calcium pantothenate, pyridoxine, inositol, para-aminoben- 
zoie acid, and choline had no therapeutie value in correcting the anemia, even 
though they were given in combination both orally and parenterally. Admin- 
istration of highly purified liver extracts, however, caused prompt hematologic 
and clinical improvement. It is suggested that the anemia is apparently more 
frequent in those regions of the United States where vitamin B deficiencies are 
endemic than is commonly realized. Its clinical manifestations are deseribed 
and its relationship to sprue, tropical macrocytic anemia, and pernicious anemia 
are discussed. The cytologic characteristics of peripheral blood and bone mar- 
row were found to be indistinguishable from those of addisonian pernicious 
anemia. 

From the Departments of Internal Medicine of the Washingtoa University School of Medi- 
cine, St. Louis, Mo., and the University of Cincinnati, Cincinnati, Ohio. Studies in Nutrition 
at the Hillman Hospital, Birmingham, Ala. 

The expenses of the general nutrition study have been borne by grants from a number 
of philanthropic persons, foundations, and commercial concerns, without which aid this study 
could not have been made. The expense of numerous observations of these patients in their 
homes and in the clinic over a long period of time has been defrayed by grants from the Wil- 
liams-Waterman Fund of the Research Corporation and Eli Lilly and Co. 

Received for publication, Aug. 1, 1944. 
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1. MATERIAL AND METHODS 

From 1940 to 1948, fifty-six patients with macrocytie anemia were observed 
in the Nutrition Clinie of the Hillman Hospital. From this group, twenty-five 
patients were selected for special study; their erythroeyte counts were under 
3.0 million cells per cubic millimeter, and their diets had been grossly deficient 
in animal protein and the vitamins of the B complex for vears. These subjects 
usually also had glossitis, pellagrous dermatitis, cheilosis, or peripheral neuritis. 
Complete medical and neurologic histories were always taken and physical and 
neurologic examinations performed. The dietary history was obtained and 
analyzed.* Red and white blood cell counts were done on peripheral blood 
with pipettes and counting chambers certified by the U. S. Bureau of Standards. 
Hemoglobin was determined as oxyhemoglobin with the Evelyn photocolorim- 
eter.°> Hematocrit determinations were made on oxalated venous blood (potas- 
sium oxalate, 4 mg., and ammonium oxalate, 6 mg. per 5 ¢.c. blood) centrifuged 
for thirty minutes in a Wintrobe tube at 3,000 r.p.m. Reticuloeyte and plate- 
let counts were made by the wet technique, using Dameshek’s method.2* Fixed 
reticulocyte preparations also were made each day.®° Cover slip preparations 
for cytologie study of capillary blood and sternal marrow were stained both 
with Wright-Giemsa and supravital stains. The bone marrow specimens were 
9btained by sternal aspiration. 

Gastric secretions were obtained for analysis both before and after his- 
tamine. The analysest were repeated every six to twelve months whenever 
achlorhydria was found on the first determination. Roentgenologie examination 
of the gastrointestinal tract was performed in each patient. Stool specimens 
were examined repeatedly for occult blood, ova, parasites, and pathogenic bac- 
teria in all instances, and for fat and fatty acids in five patients. 

Icteric indices were estimated in nine patients, and serum iron determina- 
tions were made in fourteen.*® Intravenous and oral glucose tolerance curves 
were established for two subjects. 

Detailed case summaries for all patients on whom data are presented in 
graphic form are given at the end of the paper. 


2. CHARACTERISTICS OF THE ANEMIA 


As in sprue and tropical macrocytic anemia, the anemia was cytologically 
indistinguishable from true addisonian pernicious anemia. Red blood cells were 
maecrocytie (mean corpuscular volume, 105 to 163 cubic microns) and either 
normochromie or slightly hypochromie (mean corpuscular hemoglobin concen- 
tration, 27 to 88 per cent) (Table I). They showed marked anisocytosis, poikilo- 
eytosis, and polychromatophilia (lig. 1). An occasional nucleated red blood 
cell was found in the peripheral blood. Neutropenia and thrombocytopenia 
were characteristic findings. Nuclear hypersegmentation of both neutrophiles 
and eosinophiles was the rule. Initial reticulocyte counts were usually low. 

The sternal bone marrow was thick, red, and gelatinous; it contained only 
small amounts of fat. Microscopically, the marrow preparations appeared very 


*The authors are indebted to Miss Jean Grant for her help in obtaining the diet his- 
tories and for analyzing them. 
+By Miss Monette Springer and Mrs. Jane Mann, to whom the authors wish to acknowl- 
ge their indebtedness. 
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cellular and the usual 2 to 1 or 3 to 1 predominance of myeloid over erythroid 
elements was altered in favor of an approximately equal distribution between 
the two forms of blood cell progenitors (Table II). There was, furthermore, a 
shift to the younger forms of nucleated erythroid cells with many megaloblasts 
and early erythroblasts. 


Megakarvocytes were present in either normal or 
slightly reduced numbers. 


As will be emphasized later, the laboratory data obtained on these patients 
with macrocytie anemia differed in three ways from that usually found in per- 
nicious anemia: (1) hydrochloric acid was usually present in the gastric Juice; 
(2) the ieterus index was within normal limits; and (3) the serum iron was usu- 
ally not elevated.’ 





Fig. 1.—Photomicrograph of peripheral blood film obtained from G. H. W. 


prior to therapy 
(«1000). 


3. PATHOGENESIS OF THE ANEMIA 
With few exceptions, patients were hospitalized whenever they were used 
for detailed study. They were permitted freedom of the wards if they felt 
well enough to be out of bed. 


Rigid control of their food intake was maintained 
it all times. 


A. Evidence for an Extrinsic Factor Deficiency.—The diets of all patients 
neluded in this series had been deficient in animal protein for years. Any 
ccurate estimation of the amount of extrinsic factor present in their diets was 
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impossible, however, because so few foods have been assayed for extrinsic factor 
activity. Known sources of the nutrient include beef muscle,?* milk, ?® eggs,°” * 
liver,*? yeast,**> and rice polishings and wheat germ.** All of these foods are 
also excellent sources of the vitamin B complex. Therefore, if it is true that 
extrinsic factor is usually associated in nature with the B vitamins, it is reason- 
able to assume that these patients, most of whom had clinical evidences of 
avitaminosis B, may also have had a deficieney of extrinsic factor. 


TABLE III 








THI- RIBO- ASCORBIC 








PROT. “ALCIUN ,0N VIT. : 

ae cau.‘ rat ; pews ) Ds ae AMINE FLAVIN ACID 

one — _— sdicip (ma.)  (MG.) (MG.) 
Diet A 


(Included hominy grits, biscuits, butter, salt pork, karo syrup, sugar, dried apples, 
are we PO _ black-eyed peas) 
Original diet 24 2319 079 1.637 489 











a .045 LS 

First revision 35 3010 .109 1.645 491 8 .045 1.5 

Second revision at 3408 .116 2.205 491 8 .045 1.5 
Diet B 


1. No meat, fowl, or fish; no meat soups or meat gravies 
2. Not more than 1 egg and 2 glasses of milk daily 


3. As much as desired of all other foods 





In an attempt to study this possibility, five patients (Cases 1 to 5) with 
a macrocytie anemia of less than 2.5 million red blood cells per eubie millimeter 
were given 200 Gm. of ground beef muscle daily for a period of from seventeen 
to twenty-seven days. This amount of beef muscle was shown by Castle and his 
associates*® *> to contain enough extrinsic factor to produce a reticulocyte re- 
sponse when added to 150 ¢.c. of normal human gastric juice and fed to patients 
with pernicious amenia in relapse. Four of these five subjects had free hyGro- 
chlorie acid in the gastric juice; the fifth (Case 1) had a histamine refractory 
achlorhydria but was found one year later to have free acid when the analysis 
was repeated. As soon as hospitalization was instituted, the patients were given 
a very restricted diet caleulated to be deficient in all the vitamins of the B 
complex (Diet A, Table III). A control period of a week or more preceded the 
period of beef muscle administration in each instance. The meat was fed either 
midway betweeen breakfast and lunch or midway between lunch and the 
evening meal. A reticulocyte rise of from 5 to 15 per cent occurred in each 
subject; peak values were reached on the tenth to the fourteenth day. <A charac- 
teristic response is illustrated in Fig. 2. In no instance, however, did the 
erythrocyte count show a significant rise. Observations were complicated by a 
number of factors. Glossitis was so severe in several patients as to make it diffi- 
cult for them to take even fluids. To relieve these symptoms, it was necessary 
to give therapeutic amounts of niacin amide (J. S., Fig. 2). Pre-existing diar- 
rhea was aggravated by the raw beef muscle, and the diet was so restricted that 
subjects objected to it vigorously. Furthermore, a moderately severe upper 
respiratory infection developed in each of the five patients during or immedi- 
ately after the reticulocytosis. All of these factors may have combined to 
eliminate any erythrocyte increase that might otherwise have been obtained. 

In order that some of these difficulties might be eliminated and the study 
be made more conclusive, a second series of observations was made. Six pa- 
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TABLE LV 


COMPOSITION OF THE MIXTURE OF CRYSTALLINE B VITAMINS GIVEN DAILY FoR TEN DAYS TO 
Six SuBJECTS (CASES 9 TO 14) 











ORALLY INTRAVENOUSLY 
Niacin (mg.) 200 50 
Thiamine (mg.) 100 50 
Riboflavin (mg.) 10 5 
Calcium pantothenate (mg.) 20 10 
Pyridoxine (mg.) 20 10 
Inositol (mg.) 20 10 
Para-aminobenzoic acid (mg.) 20 10 
Choline (mg.) 20 10 





tients were again selected (Cases 9 to 14). 





Four had free hydrochlorie acid in 





the gastric secretions; the fifth and sixth had a histamine refractory achlor- 
hydria but were later shown to have a return of free acid. A more liberal diet 
was permitted (Diet B, Table III), but it, too, contained no lean meat, liver, 
kidney, or cheese; one egg and two glasses of milk per day were permitted. 
During a control period of at least ten days, each subject was also given both 
orally and parenterally each day the amount of the crystalline B vitamins in- 
dicated in Table IV. Since no reticulocytosis developed, the control period 
served to establish the fact that none of the vitamins used possessed any ex- 
trinsic factor activity. This observation is in accord with that published recently 
by Castle and co-workers.** It also showed that the more liberal diet did not 
contain enough extrinsic factor to produce a reticulocyte response. Many of the 
associated clinical manifestations of avitaminosis were relieved by the vitamin 
therapy so that the subjects became more comfortable. 
entirely controlled by the vitamin administration, however, even though large 
doses of niacin or niacin amide were given during the whole period. Instead 
of using raw beef muscle, a fat-free 80 per cent alcoholic extract of beef was pre- 
pared according to the method of Formijne.** Enough extract was given be- 
tween meals each day to be equivalent to 250 Gm. of beef. In several instances, 
twice this amount was fed for a portion of the time. The extract was more 
palatable than the raw beef muscle and caused less gastrointestinal discomfort. 
Reticulocytosis occurred in each case with peak values of from 7 to 31 per cent 
being reached on the seventh to the nineteenth day of therapy. There was con- 
comitant subjective clinical improvement with increased appetite, a feeling of 
well-being, and lessened fatigue. Administration of beef extract was continued 
for as long as fifty days until an unequivocal rise of from 500,000 to 1,000,000 
red cells per cubie millimeter had occurred (Fig. 3). 


The diarrhea was not 


In several instances irregular rises in the reticulocytes developed so that 
two peaks were observed. The data obtained on C. O’R. (Fig. 4) illustrates this 
well. In this man an initial reticulocytosis of 19 per cent securred. After 
fifteen days he was given the extract with meals in the hope that the gastric 
secretion stimulated at these times would cause more intrinsic factor to be pro- 
duced and lead to a secondary response. <A secondary reticulocyte rise to 31 
per cent did occur, but it developed too rapidly to make it probable that the 
change in time of administration of the extract had anything to do with pro- 
ducing the result. 
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There seems little room for doubt that the beef muscle and its alcoholic ex- 
tract contained some substance, presumably extrinsic factor, which induced a 
partial hematologic and clinical remission. Sinee beef muscle is an excellent 
source of the extrinsic factor, the conclusion seems justified that a deficiency of 
this substance probably existed in these patients. 

B. Evidence of Poor Absorption From the Gastrointestinal Tract.—The 
presence of a persistent or intermittent diarrhea of long duration in most of the 
patients made it also appear likely that there was deficient absorption from the 
intestinal tract. Evidence to suppori this probability was more difficult to obtain. 
However, in nine of the ten subjects mentioned previously, daily injection of 
from 4 to 8 U.S.P. antipernicious anemia units in the form of highly purified 
liver extracts* (given after the response to beef muscle had occurred) pro- 
duced additional reticulocyte elevations and, in eight patients, a marked ae- 
celeration in the rate of red blood cell rise (Figs. 2 and 3). This result ad- 
mittedly could have been eaused by poor absorption, by inadequate production 
of intrinsic factor by the patients, or by a combination of these two factors. 
Enough beef extract was supplied in the second series to make it seem likely 
that in these patients at least, an adequate supply of extrinsic factor was avail- 
able. 

Two additional observations make it appear probable that deficient absorp- 
tion contributed to the suboptimal therapeutic results. T. G. (Fig. 5) developed 
a reticulocytosis of only 7 per cent following the daily ingestion of extract pre- 
pared from 500 Gm. of beef. A similar amount of extract was then added each 
day to 125 ¢.c. of normal human gastric juice and fed for fourteen days. <A sec- 
ond small reticulocytosis occurred. During a third period, 1.5 units of oral 
liver extract* were given without any detectable effect, but when this was fol- 
lowed by the parenteral injection of liver extract, a third reticulocyte response 
was observed. In several other patients the oral administration of 2 units of 
liver extract? daily for fourteen days caused submaximal reticulocyte eleva- 
tions so that secondary increases resulted when liver extract was subsequently 
given intramuscularly (Fig. 6). The parenteral doses were unfortunately larger 
than those which had been used orally, but the fact remains that the amounts 
given by mouth were great enough that they should have produced maximum 
hematologic responses. There is evidence, theretore, that deficient absorption 
may have contributed to the production of macrocytic anemia in some of the 
patients. 

C. Intrinsic Factor Production.—The very fact that these individuals re- 
sponded to the administration of beef muscle or its extract indicates that the 
gastric mucosa was elaborating enough intrinsic factor to produce at least a 
moderate amount of erythrocyte maturation factor. In addition, however, 125 
e.c. of gastric juice were obtained daily for ten days from two of the subjects 
(Cases 3 and 11) and added to 200 Gm. of raw beef muscle in one case and to 
the extract from 250 Gm. of meat in the other. The mixture was fed in each in- 
stance to two patients with addisonian pernicious anemia. Reticulocyte re- 
sponses of 14.5 and 12.8 per cent, respectively, developed in the two test patients. 

*Either as Reticulogen or as Purified Liver Extract, obtained from Eli Lilly and Co., 


containing 20 U.S.P. units per cubic centimeter. 
+Hepovex, Eli Lilly and Co. 
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The presence of intrinsic factor in the gastric secretions of these two subjects, 
therefore, was proved by biologie assay. 

As was emphasized in the previous section, the submaximal responses which 
followed administration of beef muse'e or its extract may have resulted, in part, 
because the amounts of intrinsic factor elaborated by the gastric mucosa of these 
patients was less than normal. The actual production of erythrocyte maturation 
factor may have been inadequate, therefore, even when enough extrinsie factor 
was ingested. Castle and Rhoads were able to show that this was occasionally 
true in sprue.*® The observations made on G. II. W. (Case 9) indicate that at 
least in some of these patients production of intrinsic factor was inadequate. 
This man developed a moderate reticulocyte response when he was given the 
extract from 250 Gm. of beef muscle daily; a second rise occurred after the 
dose was doubled (Fig. 7). During a third period the same amount of beef 
muscle was fed each day together with 100 ¢.e. of normal human gastrie juice ; 
a third reticulocyte elevation was obtained. This result indicates that his own 
stomach had not been producing enough intrinsie factor to utilize the extrinsic 
factor being provided to him. It is interesting that still a fourth reticulocyte 
response followed the parenteral administration of liver extract. In this man, 
then, three factors were probably participating in the pathogenesis of the 
anemia: (1) deficient intake of extrinsie factor; (2) inadequate production of 
intrinsie factor; and (3) poor absorption from the gastrointestinal tract. 

D. Response to Highly Purified Liver Extracts—It is important to empha- 
size that whenever the therapeutic response to oral therapy was suboptimal. 
the patients all responded with secondary reticulocyte rises when liver extract 
was given intramuscularly. The rate of red blood cell regeneration, further- 
more, was almost always accelerated after injections of the extracts had been 
made. This observation is of interest since observers in India and Macedonia 
have reported that purified liver extracts (anahaemin*) are not regularly ef- 
fective in the treatment of patients with nutritional (tropical) macrocytie 
anemia,*® #2 while crude liver extracts given either orally or parenterally and 
autolyzed yeast fed by mouth produce excellent remissions.*: ® * % ™ 1% 41 Wills* 
has suggested that some factor of therapeutic importance is present in the erude 
extracts and autolyzed yeast in addition to extrinsic factor. She believed this 
second factor was lacking in the more highly purified liver extracts, like ana- 
haemin, ordinarily used for the treatment of addisonian pernicious anemia. 
More recently, however, other observers have found anahaemin therapeutically 
effective although large doses were required.* *": **-** Since the patients studied 
in the present investigation responded quite satisfactorily to the injection of the 
most highly purified liver extracts then available, one must conelude either that 
(1) the nutritional macrocytic anemia found in the United States among pa- 
tients with pellagra or other vitamin B complex deficiency states differs in some 
fundamental way from the nutritional macrocytic anemia seen in India, or 
that (2) the purified liver extracts used here contained the hypothetical sub- 
stanee not found by Wills in anahaemin. Available data are not sufficient to 
justify a more definite statement. 





*Anahaemin (British Drug House) is prepared by the method of Dakin and West and 
during preparation is completely precipitated with 99 per cent alcohol and taken through two 
ammonium sulfate fractionations and one reineckate. Two cubic centimeters of anahaemin 
contain the equivalent of 450 Gm. of original wet liver.‘ 
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E. Summary of the Studies on the Pathogenesis of the Anemia.—The 
pathogenesis of this form of nutritional macrocytie anemia, therefore, seems 
to depend on the existence of a prolonged dietary deficiency of extrinsic factor 
associated in many instances with poor absorption from the intestinal tract and/ 
or inadequate production of intrinsic factor by the gastric mucosa. Final proof 
cannot be obtained until pure extrinsic factor has been isolated and its effect 
tested on patients with similar anemia. 


4. CLINICAL DESCRIPTION OF THE SYNDROME 


A. Clinical Manifestations —The ages of the patients with nutritional mae- 
rocytic anemia at the Nutrition Clinie of the Hillman Hospital varied from 
34 to 80 vears, but in the great majority of instances the age was greater than 
50. The disease was observed only in white subjects and occurred three times 
as frequently in men as in women. Many of the men were bachelors or widow- 
ers. This fact suggests that their normally poor diets may have become even 
more deficient when the men were forced to cook for themselves. In all eases 
the diets had been grossly deficient in animal protein for vears; one or two eggs 
a day or a glass of milk usually furnished the only animal protein consumed. 
No definite statement can be made about its incidence. The Nutrition Clinie of 
the Hillman Hospital draws patients for a radius of 100 miles. It cannot be a 
common disease in this region, therefore, but probably occurs more frequently 
than it is recognized. For reasons to be given later, it may readily be confused 
with addisonian pernicious anemia. 

Clinical manifestations of the anemia per se could not be separated sharply 
from those caused by other deficiency states. In most cases, subcritical de- 
ficiencies of niacin, thiamine, or riboflavin had existed for many vears with 
relapses occurring in spring and fall. Often the exacerbations of glossitis, 
dermatitis, epigastric distress, diarrhea, cheilosis, or peripheral neuritis had 
been associated with weakness, pallor, dizziness, tinnitus, and shortness of 
breath. This history suggested that the anemia may also have occurred pre- 
viously. After many years of remissions and relapses, the weakness, dizziness, 
pallor, shortness of breath, and diarrhea became so distressing that the patients 
sought hospital aid. Physical manifestations were related chiefly to the skin, 
gastrointestinal tract, cardiovascular system, and the peripheral nerves, 

Pellagrous dermatitis was present in eight patients and cheilosis as well as 
erosions of other mucocutaneous junctions in seven. In all patients the skin of 
the arms and legs was hyperpigmented, roughened, and dry. Irregular, 
coalescing lines of pigmentation following a vascular pattern (erythema abigne 
of ‘‘fire burns’’) were common. The skin never had the fine texture and lemon 
tint seen in pernicious anemia. 

All but two patients complained of persistent diarrhea for months before 
admission. The stools were loose, watery, and brown, although not unusually 
foul. Defecation caused no pain. Most bowel movements occurred shortly after 
meals. Four patients recalled brief episodes of thick, frothy, pale stools sug- 
gesting sprue, but such episodes never occurred while the patients were under 
hospital observation. Flatulence was present but was not disturbing ; abdominal 
examination revealed mild distention. The liver and spleen were palpable only 
when complicating diseases such as malaria were present. 
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Painful burning sensations of the tongue, mouth, and epigastrium were dis- 
tressing to all patients. These symptoms usually occurred when the diarrhea 
was severe, although two patients insisted that the onset of diarrhea relieved the 
burning sensations in the tongue. The tongue and oral mucous membranes 
varied in appearance from fiery redness and swelling to pallor and extreme 
papillary atrophy. No distinguishing features were found to differentiate these 
glossal changes from those of pellagra or pernicious anemia. 

Cardiovascular abnormalities such as shortness of breath, paroxysmal 
dyspnea, and systoli¢e murmurs were mild and seemed to depend only on the 
degree of anemia. All blood pressures were in the normal or low normal range. 
The pulse rate was not elevated until anemia became exireme and shock was im- 
pending. None of the patients showed the manifestations of **beribe: heart. 

Burning of the soles of the feet with erampine and soreness in the calf 
muscles were common complaints. Fifteen patients showed tenderness of 
the calves, stocking type of paresthesias, hypoactive ankle jerks, and diminished 
vibration perception in the ankles, indicative of mild peripheral neuritis. In 
no case was definitive evidence for combined svstem disease discovered. 

Oral temperatures above 99.6° IF. never occurred unless infection was as- 
sociated with the anemia. Severe weight loss was noted only when diarrhea 
had persisted for months. Peripheral edema, present in eleven patients, was 
always associated with a reduction in serum albumin 

B. Laboratory Data——The hematologie characteristics of the anemia have 
already been defined. Gastrie analysis revealed normal gastric acidity in four- 
teen patients, hypochlorhydria in two, and a histamine refractory achlorhydria 
in nine. Analyses were repeated at intervals of six months on the latter group 
of subjects. Free acid was found in the gastrie secretions on at least one oecea- 
sion in five of these patients; the remaining four patients consistently showed an 
achlorhydria (Tables I, VI, and VII 

The icterus index of all subjects on whom it was determined varied from 
2 to 7. Serum iron values were either low or within the normal range (from 
0.050 to 0.180 mg. per cent) in every instance but two (T. E., 0.242 me. per cent ; 
M. P., 199 me. per cent). Glueose tolerance curves, done repeatedly by Dr. T. 
Maceruder on two patients, showed less than 20 mg. per cent increase after the 


TABLE \ 


Stoo. ANALYSES FOR FA1 


rorTrAL FAT/100 NEUTRAL FAT FATTY ACIDS 
PTION OI rool GM. 100 GM. 100 aM. 
4 yi “SCRIPTION O STOO 
cae a : MOIST FECES MOIST FECES MOIST FECES* 
(GM.) (GM. ) (GM. ) 
a) G. H. W. Liquid, frothy, yellow 3.07 
ereen 
11 a Te. Soft, unformed, yellow, 1.37 0.76 0.61 
foul odor 2.38 1.34 1.04 
12 M.S 7/12, Fluid, brown 2.95 Lat 1.58 
8/4, Soft, unformed 2.27 112 140 
13 TG. Soft, light yellow 6.30 2.97 3.30 
14 W.H. Soft, yellow 1.97 0.99 0.98 


*Calculated as stearic acid. 
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oral administration of glucose. Curves on the same patients were normal when 
glucose was given intravenously. Serum protein values for five patients (Cases 
9 and 11 to 14) are recorded in Table VITI. 

Repeated stool examinations for occult blood were negative in all patients 
in the series. Dr. Morriss Dexter demonstrated Amoeba histolytica in one pa- 
tient, Bacillus typhosus in another, and Shigella dysenteriae in a third. Stool 
specimens from five patients were analyzed for tree fat and fatty acids;** three 
of these subjects were selected from the four who gave a history of having had 
a spruelike diarrhea. In no case was either constituent found in excessive 
amounts (Table V). Values are recorded for moist feces rather than dry 
weight; they agree well with those reported for normal subjects.4°” ©  Fluoro- 
scopic examination of the gastrointestinal tract showed no abnormalities except 
for moderate dilatation of the colon in several instances; small intestinal pat- 


terns did not show the changes deseribed in sprue“® © 


TABLE VIII 
SERUM PROTEIN VALUES 


TOTAL SERUM 


i re rae nee ALBUMIN GLOBULIN 
—— scan a senior (GM. PER 100 €.C.) (GM. PER 100 C.c.) 
(GM. PER 100 ¢.c.) 
9 G. H. W. 8/11/41 cs) a ~ 952 2.65 
1] Tt. Dp: 7/17/41 4.74 
5/20/41 4.84 
5/23/41 4.98 
8) 5/41 5.61 gale 1.89 
12 M. S. 0/26/41 6.34 
8/ 5/41 5.65 3d.o4 211 
13 s ae C2 8/11/41 D.41 3.58 L-Ss 
14 W. H. 5/ 9/41 6.77 
5/20/41 5.69 
5/29/41 5.66 
8/11/41 5.74 2.18 3.06 


C. Clinical Course.—Coineident with the development of a hematologic re- 
mission, induced either by beef muscle or liver extract, the patients showed sub- 
jective improvement. Their appetites improved, they regained their strength, 
and they were able to resume their normal activities. After liver extract had 
heen given, the diarrhea stopped. In the majority of instances, patients felt 
better and were more energetie than they had been for vears. Two patients died, 
one from a myoeardial infaret and the second from pulmonary tuberculosis. 
Pertinent data for all subjects who were followed for two or more years are 
recorded in Tables VI and VII. Seven of the twenty-five patients corrected 
their faulty dietary habits and began eating normal amounts of animal pro- 
tein. They have remained well and free of diarrhea, and the anemia has not 
reappeared during the two or three vears which have since elapsed, even though 
no liver therapy has been given during this time. They were not given special 
low fat diets. The other patients who returned to their inadequate food habits 
developed recurrences of the diarrhea, anemia, and other manifestations after 
eighteen to twenty-four months; they required further therapy. 
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). RELATIONSHIP TO ADDISONIAN PERNICIOUS ANEMIA, SPRUE, AND 
TROPICAL MACROCYTIC ANEMIA 


A. Addisonian Pernicious Anemia.—Statement has alresdy been made of 
the fact that the nutritional form of macroeytie anemia described in this paper 
was cytologieally indistinguishable from addisonian pernicious anemia. The 
chief points of differentiation were these: (1) twenty-one of the twenty-five 
subjects had free hydrochloric acid in the gastric seeretions at least part of the 
time; (2) evidence already presented indicated that they also produced intrinsic 
factor; (3) the icterie indices were uniformly within normal limits; (4) with 
two exceptions, serum iron values were low or normal rather than high; and 
(5) each of the twenty-five subjeets listed in Table I, to whom a source of ex- 
trinsic factor was given (Cases 1 to 5 and 9 to 14), responded with a reticulo- 
evte response and usually with a red blood cell increase.* The presence of free 
hvdrochlorie acid in the gastrie sceretions of patients who apparently have true 
addisonian pernicious anemia rarely occurs,°°°*® and in a few instances liver 
therapy is followed by a return of free acid in the stomach contents of subjects 
who initially had achylia gastriea..*°’ It is inconceivable that twenty-one of 
the twenty-five subjects here described could fit into this category. 

Confusion with addisonian pernicious anemia could easily oecur, however, 
at those times when an achlorhydria was present. The conditions of some of the 
patients (Cases 1, 8, 9, 14, and 21) might have been diagnosed as true pernicious 
anemia if response to extrinsic factor had not been tested, or if the patients had 
not subsequently showed free hydrochloric acid in the gastric secretions. Four 
subjects (Cases 22, 23, 24, and 25, end of Table I and Table VI), furthermore, 
never were observed to have free acid in the stomach contents, and, because they 
were used for other observations, their ability to respond to a source of extrinsic 
factor alone was not demonstrated. Their diets had been inadequate, their ic- 
terie indices were normal, and they presented the same clinical manifestations 
as did the remaining twenty-one subjects whose cases are recorded in Table I. 
It is entirely possible that they, too, had nutritional macrocytie anemia, but the 
differentiation of their anemia from pernicious anemia cannot be made on the 
basis of available data. 

Since confusion of nutritional macrocytic anemia with pernicious anemia 
is likely to exist unless free gastric acid is present or response to extrinsic factor 
is demonstrated, it is entirely possible, in those regions where deficiencies of 
the vitamin B complex are endemic, that patients with nutritional macrocytie 
anemia are not infrequently diagnosed as having pernicious anemia. Some of 
the cases reported in the literature as examples of pernicious anemia with normal 
gastric acidity may actually be patients with nutritional macrocytie anemia. 
The practical importance of making the differentiation is evident when one con- 


*The validity of using the response to extrinsic factor as a point of differentiation from 
addisonian pernicious anemia may be questioned since Wintrobe showed that remissions could 


be induced in patients with pernicious anemia by teeding 1 to 2 Gm. of brewers’ yeast per 
kilogram per day.* Similar observa.ions were made by Unzsley and James. However, only 
12 Gm. of brewers’ yeast are roughiy equivaient to 200 Gin. of beer muscic in ability to form 


erythrocyte maturation factor when incubated with normal human gastrie juice. The amounts 
of extrinsic factor contained in the large doses of brewers’ yeast, therefore, are many times 
as great as those fed to the subjects in these observations. If the correct explanation of 
Wintrobe’s results is that he provided tremendous amounts of extrinsic factor to interact with 
the small amount of intrinsic fac.or still produced by patients with pernicious anemia, then 
his observations are not quantitatively comparable to those reported here since the amounts 
of extrinsic factor given in these studies were not excessive. 
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siders that extrinsic factor deficiencies ean be corrected by dietary means alone 
and do not require life-long administration of liver extract. 

The animal experiments of Miller and Rhoads® suggest that dietary de- 
ficiencies maintained over a period of years might be an etiological factor in the 
development of pernicious anemia. There was no evidence, however, to indicate 
that the patients with continued poor diets tended to develop true pernicious 
anemia during the four years encompassed by this investigation; free gastric 
acid was sometimes first demonstrated during the seeond or third year of ob- 
servation. These patients were almost certainly producing intrinsie factor in 
the first vear of study. It is reasonable to assume that they maintained its pro- 
duction since several recovered the ability to secrete acid from two to three years 
later. 

B. Sprue.—The relationship between the nutritional macrocytie anemia of 
pellagra and sprue is very difficult to grasp; differentiation may actually not be 
justifiable. The macrocytie anemia of sprue is apparently caused by poor intake 
of extrinsie factor, poor absorption of erythrocyte maturation factor, inade- 
quate production of intrinsie factor, or a combination of these influences.** *° 
Its pathogenesis, therefore, may be similar to that described in the present 
study for nutritional macrocytie anemia. The anemia and bone marrow showed 
similar cytologic changes to those deseribed for sprue.*’ ® Glossitis, flatulence, 
a persistent or intermittent diarrhea, a flat glucose tolerance curve, and other 
manifestations are common to both conditions. How much emphasis may be 
placed on the character of the diarrhea in differentiating between sprue and the 
maecrocytie anemia of pellagra is problematic. The stools did, however, differ 
in character from those usually found in sprue. Only four of the patients in- 
cluded in this study gave a history of having large, frothy, fatty, foul stools. 
Moreover, even these four subjects failed to pass a spruelike stool during the 
time they were under observation. The fecal specimens, rather, were watery 
in type, not particularly foul. Hanes believes that the diagnosis of sprue can- 
not be made in the absence of steatorrhea.®* The few analyses for fat and fatty 
acids which were made revealed no excessively high values. All of these pa- 
tients responded satisfactorily to therapy with extrinsic factor or liver extract ; 
none were refractory to treatment as is an oceasional patient with sprue.* % 
The seven patients, furthermore, who changed their intakes so as to inelude 
adequate amounts of animal protein have had no recurrence of either diarrhea 
or anemia. The fat in the diet was not controlled. Three or four years of ob- 
servation are probably not enough to eliminate the possibility of a relapse, but 
it would be unusual to have seven patients with sprue all develop such long re- 
missions at the same time.** The final answer to the question as to whether the 
two conditions represent two distinct entities or are identical may have to wait 
until their etiology is more completely understood. 

C. Tropical Macrocytic Anemia,—Comparison of the syndrome described in 
this report with the nutritional macrocytie anemia of the tropies is difficult for 
two reasons: (1) clinical deseription of patients with the latter disease is not 
uniform; and (2) confusion exists as to the response they show to parenteral 
injection of purified liver extracts. 

Nutritional macrocytie anemia in the tropics is apparently more common 
among women and appears quite frequently in association with pregnancy.” © 4? 








1248 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The patients are usually voung or middle-aged adults who complain of short- 
ness of breath, weakness, sore tongue, dysphagia, diarrhea, and edema. About 
one-third show fever and splenomegaly; purpura may develop and uterine hem- 
orrhage is common.'! Paresthesias may be present but combined system disease 
has never been found. The anemia and bone marrow closely resemble or are 
identical with addisonian pernicious anemia. Neutropenia may be severe. 
Achlorhydria is no more common than in the population at large. Bilirubinemia 
and urobilinuria were not observed by Wills,*! but other observers have fre- 
quently found evideres of increased blood destruction.® * 1! It is possible that 
the clinical picture of the disease varies in different regions or that the con- 
comitant presence of other tropical diseases alters the clinical manifestations. 
In contrast, however, nutritional macroeytie anemia in Birmingham oecurred 
three times as frequently in men as in women. Most of the patients had passed 
the age of 50 vears. None of the women were pregnant. Splenomegaly was 
found only in those subjects who had previously had malaria. Evidences of 
increased hemolysis or of combined system disease were not observed. Signs and 
symptoms of pellagra or of other vitamin B complex deficiency states were 
common. These clinical differences between the two conditions may be funda- 
mental, but they may also be produced in large part by differences in dietary 
habits and in the types of infectious and parasitic diseases to which patients 
are exposed. 

When Wills demonstrated that marmite or yeast extracts produce bril- 
liant therapeutic results in subjects with nutritional (tropieal) maerocytie 
anemia,’ and when autolvsed veast was shown to be an exeellent source of 
extrinsic factor,** it appeared probable that the anemia was caused by a dietary 
lack of extrinsie factor. This explanation was soon denied by Wills when she 
found that parenteral injection of purified liver extract (anahaemin) did not 
possess the therapeutic effectiveness of marmite or of crude liver extracts.*’ 
She concluded that tropical macrocytie anemia is ‘‘due to a deficiency in the 
diet of some factor at present unidentified but other than Castle’s extrinsie fae- 
tor.’ The correctness of this suggestion has more recently been questioned 
again because other clinical investigators have found that anahaemin given 
parenterally was usually effective in the treatment of the disease.*?-** The re- 
sponse is apparently irregular. Some patients respond to moderate or small 
amounts, while others may show little improvement even though the dosage is 
large. The experience of toy and Kondi in Macedonia adds even more con- 
fusion.*®? Anahaemin was effective when given to their female patients, but none 
of the males ‘‘respond to intramuscular liver therapy, no matter what prepara- 
tion is used.’’ These therapeutic observations are extremely important since 
they form the only clue to the etiology of the disease. Our patients with nutri- 
tional macrocytie anemia responded to the oral administration of beef muscle, 
beef muscle extract, or crude liver extract and to the parenteral injection of 
highly purified liver extracts. The evidence in favor of their having a deficiency 
of extrinsic factor, therefore, is as good as can be obtained until pure extrinsic 
factor has been isolated. Furthermore, final decision as to the possible etiologic 
identity of tropical macrocytic anemia and the form of nutritional macrocytie 
anemia described here will probably have to wait until pure extrinsic factor is 
available. 
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6. SUMMARY 

The oceurrence of macrocytic anemia is described in fifty-six patients who 
had existed for years on diets inadequate in animal protein and in the vitamins 
of the B complex. Most of these subjects also had clinical evidence of pellagra, 
ariboflavinosis, or beriberi. In twenty-five, the red blood cell count ranged 
from 1 to 3 million cells. Males predominated in a ratio of 3 to 1, and most of 
the patients were older than 50 vears of age. The most striking clinieal mani- 
festations were weakness, pallor, glossitis, and intermittent or persistent diar- 
rhea. The skin either showed the presence of pellagrous dermatitis or was 
rough, hyperpigmented, and dry. Splenomegaly was found only in those pa- 
tients who had previously had malaria. Eighteen subjects showed signs of 
mild peripheral neuritis, but combined system disease was not observed. Phys- 
ical or laboratory evidences of increased hemolysis were absent. The peripheral 
blood and bone marrow were cytologically indistinguishable from those of addi- 
sonian pernicious anemia. Free hydrochlorie acid was found in the gastrie con- 
tents of sixteen patients at the time they were first studied; in five others, free 
acid was found on subsequent examinations. 

All of the subjects showed prompt therapeutic response to the parenteral 
injection of highly purified liver extracts. In addition, it was demonstrated 
that they would develop reticulocyte rises when fed beet muscle, an 80 per cent 
aleoholie extract of beef muscle, or crude liver extract. When the oral admin- 
istration was prolonged, the red blood cells also increased in number. Studies 
of the pathogenesis of the anemia indicate that it is probably caused by a dietary 
deficiency of extrinsie factor associated in many, but not all, instances with 
poor absorption from the intestinal tract. Inadequate production of intrinsic 
factor is probably also a «ontributing influence. Thiamine, niacin, riboflavin, 
ealcium pantothenate, pyridoxine, inositol, para-aminobenzoie acid, and choline 
given together both orally and parenterally did not affeet the erythropoietic 
equilibrium. 

The similarity, points of difference, and possible relationship of this form 
of nutritional macrocytie anemia to sprue and to tropical macroeytic anemia 
are discussed. Emphasis is given to the fact that nutritional macrocytic anemia 
in patients who have an intermittent achlorhydria may easily be confused with 
addisonian pernicious anemia. It is suggested that this syndrome may be more 
common in those regions of the United States where pellagra is endemie than 
has formerly been realized. 


CASE REPORTS 


J.S., a white man 50 years of age, had had diarrhea alternating with constipation from 
1937 until admission to the hospital July 16, 1940. He described the diarrheal stools as being 
watery and brown; they occurred from ten to twelve times a day. The attacks of diarrhea 
were accompanied by sore tongue and mouth, burning in the epigastrium, and burning sensa 
tions in the feet. During the month before admission he had become weak and short of breath 
on exertion. 

His diet consisted chiefly of dried beans or peas, white bread or corn biscuits, and 
occasionally eggs, tomatoes, and fish. 

Physical examination showed a well-developed, moderately nourished white man. His 
hair was gray and his tongue was smooth and swollen, but not red. The oral mucous mem- 
branes were pale. Examination of the heart, lungs, and abdomen revealed no abnormalities. 
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Blood pressure was 128/80. The skin of the arms and legs was hyperpigmented, especially 
over the elbows and knees. Neurologic examination was normal except for tenderness of the 
calves and feet. 

Kahn reaction was negative. Urinalysis revealed no abnormality. Stool examination 
was consistently negative for occult blood, pathogenic bacteria, and parasites. Examination 
for microscopic fat was negative. The gastric juice contained 26° free hydrochloric acid 
and 42° total acid 20 minutes after histamine stimulation. Fluoroscopic examination of the 
gastrointestinal tract showed no abnormalities except for spasticity throughout the colon. For 
hematologic data see Tables I and If. Bone marrow examination showed many megaloblasts 
and early erythroblasts. 

The patient was fed Diet A (see Table III) and given paregoric and niacin to control 
the diarrhea. The oral temperature varied between 98.6 and 100° F. After a control period 
of ten days, he was fed 200 Gm. of raw beef muscle daily. The reticulocytes reached a max- 
imum of 14 per cent on the sixth day of beef muscle therapy (see Fig. 2), but there was 
no detectable increase in the red blood cells after twelve days of therapy. During the last 
seven days of this period, however, he suffered from a severe upper respiratory infection. 
One-haif cubic centimeter of reticulogen (approximately 10 U.S.P. units) was given intra- 
muscularly daily for ten days. The reticulocytes reached a maximum of 954.5 per cent on 
the eleventh day and the red blood cell count rose rapidly. 

In 1941, the patient was observed in the clinic on several occasions. He continued to 
subsist on the inadequate diet but had no anemia. A gustrie analysis showed 48° free hydro 
chloric acid and 61° total acid after histamine. He developed no clinical evidence of nu- 
tritional deficiency disease and received no specific treatment during that year. 

In the spring of 1942 he returned to the clinie with dermatitis, diarrhea, and weakness. 
His tongue was bright red, swollen, and painful, and there was a scaly, hyperpigmented, and 
symmetrical pallagrous dermatitis on the ankles. The red blood count had fallen to 2.58 mil- 
lion per cubic millimeter, and the hemoglobin to 7.8 Gm.; the mean corpuscular volume was 
106 cubic microns. He was admitted to the hospital and fed Diet B (see Table III). After 
a control period of ten days, he was given a liver extract orally in doses equivalent to 2 
U.S.P. units per day. <A reticulocyte maximum of 12.8 per cent was reached on the seventh 
day of therapy and the red blood cells increased slowly. This submaximal response to oral 
liver therapy was followed by another reticulocyte response and a rapid red blood cell rise 
when 20 U.S.P. units of liver extract were given intramuscularly for three days (Fig. 6). 

The patient returned to the clinic in the spring of 1945 and 1944. He had a mild 
normocytic normochromic anemia on each occasion (red blood cell count, 3,870,000; hemo 
globin, 11.7 Gm.), but felt well and was werking regularly as a farmer. 


T. T.D., a white male 63 years of age, was admitted to the Hillman Hospital May 12, 
1941, with the chief complaints of diarrhea, weakness, burning of the tongue, and dependent 
edema, all of from five to eight months’ duration. He gave a history of intermittent diarrhea 
since 1917. The stools during these episodes were usually thin, watery, and brown; occa- 
sionally, however, they were bulky, creamlike, and foul. Tle interval between attacks was 
often measured in years. In 1919, when the diarrhea was so severe that he defecated from 
twenty to thirty times a day, he developed a psychosis from which he recovered after receiv- 
ing some type of parenteral medication and being fed an ‘‘egg diet.’’ His next ineapacitat- 
ing illness occurred in 1938 when the diarrhea was accompanied by periods of mental con- 
fusion, burning sensations of the tongue and abdomen, and dermatitis of the hands, feet, 
and neck. This time the patient ‘‘cured’’ himself by eating a dozen raw eggs daily. He 
was able to resume his work as a house-to-house salesman and remained well until August, 
1940, when diarrhea developed again. During the following months, he developed the symp- 
toms described by the chief complaints mentioned above. 

His diet as reported by him consisted of lean meat, eggs, milk, sweet and Irish po- 
tatoes, green vegetables, fruits, cornbread, biscuits, and puddings. It is doubtful, however, 
if the dietary history represented his usual fare since he was an itinerant picture frame 
salesman who traveled over much of Alabama visiting and eating in the homes of many 
Nutrition Clinic patients who were known to have deticient diets. 
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He was a thin, pasty-appearing man who weighed 138 pounds. His tongue and oral 
mucous membranes were pale, swollen, and smooth. There were scars at both angles of the 
mouth and the skin of the face, arms, and legs was yellowish brown. There were several 
discrete retinal hemorrhages. The heart was moderately enlarged, but no murmurs were heard; 
blood pressure, 92/58. The lungs and abdomen were within normal limits. The ankles showed 
pitting edema. Neurologic examination revealed mild ‘‘sock’’ type of hyperesthesia over the 
feet up to the ankles, absent. vibration perception in the lower extremities, and absent ankle 
jerks. 

Blood Kaln reaction was negative. Urine examination was normal. Stool examination 
was repeatedly negative for oceult blood and parasites, but on one occasion an atypical 
shigella organism was found. Values for the fat content of the stool are recorded in Table V. 
X-ray examination of the barium-filled colon revealed moderate atony and dilatation. 
Fluoroscopic examination of the upper intestinal tract showed only a moderate hypermotility. 
Gastric juice following histamine stimulation contained 65° free acid and 76° total acid. 
Hematologie data are summarized in Tables I and IT. 

He received the vitamin mixture orally and parenterally for eight days with improve- 
ment of the burning sensations in the tongue but without any reticulocyte response (Fig. 3). 
The red cell count and hemoglobin decreased steadily. During this period, 100 ¢.c. of gastric 
juice were withdrawn before breakfast each morning, pooled, and fed with beef muscle to a 
patient with pernicious anemia in relapse. He was given orally an amount of alcoholic ex- 
tract of beef muscle equivalent to 250 Gm. of beef per day for twenty-three days. The 
reticulocytes rose to 25.2 per cent on the fifteenth day, and there was a gradual inerease in 
the red cell count and hemoglobin. After an interval of three days the beef extract was given 
again and was doubled in amount when, despite daily oral therapy with niacin, the patient’s 
diarrhea and glossitis increased in severity. This attack was controlled with paregorie given 
orally and niacin given intravenously. There was a secondary reticulocyte rise to a maximum 
of 23.8 per cent on the sixteenth day after the dose of beef extract had been doubled and on 
the seventh day after the diarrhea had stopped. 

The patient remained well and able to work during 1942. During the spring of 19438 
he noted slight loss of strength but no diarrhea or sore tongue. The red blood count had 
fallen to 2,800,000 and the hemoglobin to 10.4 Gm. 


C. O’R., an 80-year-old cantankerous white man, entered the clinie May 31, 1941, because 
of weakness and sore tongue for six months. These symptoms were gradual in onset and were 
associated with loss of appetite and constipation. For the past eight years his diet had con- 
sisted of pancakes, corn flakes, rice mush, potatoes, a few eggs, and canned milk. He denied 
previous serious illness or the oecurrence of pellagra in any member of his family. 

He was a pale, emaciated old man with bilateral lenticular cataracts. His tongue and 
oral mucous membranes were pale, smooth, tender, and spotted with a necrotic grayish mem- 
brane which would not wipe off. His skin was dirty, and on the arms and legs there were 
small, discrete, indurated ulcers. No abnormalities were found on examination of the chest, 
heart, and abdomen. Blood pressure was 117/75. He had mild edema of the feet and ankles. 
The neurologic examination revealed absent ankle jerks and absent vibration perception in the 
lower extremities. 

The patient weighed 115 pounds, the Kahn reaction was 3 plus, and the urine revealed 
no abnormality. Stool examinations were persistently negative for occult blood, pathogenic 
bacteria, and parasites. Gastric juice contained 52° free acid after histamine stimulation. 
X-ray examination of the barium-filled colon showed general dilatation and redundancy. 
Fluoroscopic examination of the stomach and small intestines were within normal limits. 
Tables I and II summarize the data obtained on this patient’s peripheral blood and bone 
marrow. He was fed Diet B (see Table III), and after a control period of five days, the 
mixture of crystalline vitamins was given orally and intravenously for eleven days. No 
reticulocyte response occurred but the gray membrane and the burning sensations in the 
tongue disappeared and the skin ulcerations healed. For the next thirty-one days the pa- 
tient received an alcoholic extract of beef muscle in amounts as indicated in Fig. 4. Two defi- 
nite reticulocyte peaks occurred: one of 16 per cent on the ninth day and the second of 35 
per cent on the nineteenth day, five days after the routine was changed to the administration 
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of beef extract with meals. <A significant increase in the number of red blood cells also oe- 
curred. No additional reticulocytosis developed when the dose of beef extract was doubled 
(on the twenty-fifth day) nor when 2 U.S.P. units of concentrated liver extract were given 
intramuscularly each day for ten days. The patient’s appetite and disposition improved 
after the beef extract had been administered for a week. When he was discharged, he weighed 
156 pounds and was greatly improved. Observations were terminated six months later when 


he died following a coronary occlusion. 


T. G., a 59-year-old white man, had been bothered with diarrhea and sore tongue every 
summer for the past eight years, At the time of admission to the Nutrition Clinic in July, 
1941, the stool consisted of bulky, whitish, soft material, sometimes foamy and foul smelling. 
He complained of headache, dizziness, ringing in the ears, blurring vision, watering of the 
eyes, photophobia, sore red tongue, and burning of the skin of the arms and legs. These 
last two symptoms had increased in severity since the first of April, 1941. He had pain and 
weakness in the hands and feet, and itching on the backs of the arms and hands. There had 
been a weight loss of six pounds in two months. 

His diet consisted of milk, fat meat, dried vegetables and fruits, corn bread, biscuits, 
and coffee. 

The patient was a moderately well-developed, poorly nourished white man. The con 
junctivae were pale. There were a few atrophic areas in the right fundus and many in the 
left fundus. A large flame-shaped hemorrhage was visible along the inferior temporal artery. 
His hair was gray. The lips were mottled and showed transverse fissuring and atrophy. Fis- 
sures and sears with some maceration were present at each angle of the mouth. The tongue 
was swollen, extremely atrophic, and flecked with areas covered by a whitish membrane; many 
red, pin-point spots were visible along the tip and sides, Purpura was present on the hands, 
legs, and neck. Extensive brown pigmentation was present on the face, hands, arms, and 
feet. There was mild pitting edema of the ankles. Examination of the heart, lungs, and 
abdomen revealed no abnormality. Blood pressure was 118/70. Vibratory perception was 
normal in the hands and feet. The position of the toes was normally perceived. The calves 
of the legs and soles of the feet were tender to pressure, but no skin paresthesias were 


present. 


Reflexes Right Left 
Biceps Pars ie a 
Triceps 3. 4. 4 eye 
Knee Jerks +4 b 4 
Ankle Jerks | +. 
Babinski Flexor response Flexor response 
Chaddock Flexor response Flexor response 


Kahn reaction was negative. Urinalysis showed only a faint trace of albumin. The 
stool was soft to liquid in consistency, yellow, and occasionally contained a small amount of 
foam; it contained no blood or pathogenic bacteria. On one examination motile forms of 
Endamoeba histolytica were seen. Values for the fat content of the feces are recorded in 
Table V. Fluoroscopie examination of the gastrointestinal tract was normal except for atony 
of the colon. The gastric juice after histamine stimulation contained 51° free acid. Oral 
glucose tolerance test produced a low flat curve, while the intravenous curve was normal. 
Hematologic data are summarized in Tables I and II. 

There was a gradual improvement of bowel function during the entire period of study 
(Fig. 5). The patient’s strength improved, purpura and edema disappeared, and the tongue 
and oral mucous membranes regained their normal color though the papillae remained 
atrophic. Anemia was again present in 1942, but the red blood cell count was within normal 
limits in the summers of 1948 and 1944. Diarrhea and other symptoms did not return. No 
liver extract was given after 1941, and no precautions to control dietary fat were taken. 


G. H. W., a 79-year-old white man, was admitted to the Nutrition Clinic May 31, 1941, 
because of weakness and soreness of the mouth which had gradually increased in severity 
during the preceding four years. Because of food idiosynerasy he had limited his diet to 
white meal, canned tomatoes, spaghetti, and okra during this period of time. On admission 
he complained of mild headache, ringing in the ears, burning of the eyes, sore mouth, watery 











9nQ 


MOORE ET AL.: NUTRITIONAL MACROCYTIC ANEMIA 1253 


diarrhea, aching in the legs, and numbness and tingling ia the hands and feet. He admitted 
having had hallucinations but had good insight. His wife was under observation in the 
Nutrition Clinic because of pellagrous glossitis and cheilosis. 

The patient was an emaciated white man, with pallid, sallow, extremely atrophic skin, 
swollen tongue, and buccal mucous membranes. The heart, lungs, and abdomen were within 
normal limits. The blood pressure was 115/80. Vibration perception was present in the arms 
but absent in the legs. There were no paresthesias or ataxia and the position of the toes 
was perceived accurately. The deep reflexes were equal and active. The Chaddock test caused 
dorsiflexion of the great toes bilaterally, but the rest of the plantar responses were normal. 

The Kahn reaction was negative. Urinalysis showed no abnormality. Stool examina- 
tion was negative for occult blood, pathogenic bacteria, and parasites. Stool analysis for 
fat showed 3.07 Gm. total fat per 100 Gm. of moist feces. There was no free hydrochloric 
acid in the gastric juice after histamine stimulation, but free acid was found on two occa 
sions in 1942 and 1943. Fluoroscopie examination of the gastrointestinal tract revealed 
no abnormalities except hypermotility. 

During the control period on the vitamin mixture (Fig. 7), the patient had much less 
diarrhea than formerly (a reduction in number of stools from ten to two or three per day), 
but the stools continued to be watery. The swelling and burning of the tongue disappeared, 
but the atrophy was unchanged. There was no change in the neurologic examination, and the 
patient continued to have periods of mental confusion, This situation continued unchanged 
until the patient was given intramuscular liver extract. Following liver therapy there was 
a rapid increase in strength and complete relief from the diarrhea. He was last seen during 
the summer of 1944 and had had no recurrence of his symptoms or of the anemia. He had 
received no liver extract since 1942. , 
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PROPYLENE GLYCOL AS A MENSTRUUM FOR THE 
ADMINISTRATION OF STEROID HORMONES 


THoMAS Hopck McGavack, M.D.,* aAnp Mi_tprep VocEL, M.S.t 
New York, N. Y. 


HE low toxicity of propylene glycol has been confirmed by a number ot 

investigators.'"’ Hanzlik and his associates? found it impossible to produce 
death from a single dose administered orally. Rapid injection of the substance 
in degs produced a fatal result only when as much as 25 ¢.c. of a 50 per cent 
solution in physiologic saline were given per kilogram of body weight. Chronic 
intoxications have been even more difficult to produce. Morris, Nelson, and 
Calvery’? fed the material to albino rats for two years and noted that the 
animals ‘‘differed only very slightly from the controls.’’ Seidenfeld and Hanz- 
lik’ fed substantial amounts to rats during approximately one-eighth of their 
life span without any appreciable effect. 

When all of the carbohydrate of the diet was replaced by propylene glycol 
(representing 48.5 per cent of the calories in the diet), young rats failed to 
gain weight and died within approximately one month.? When three-fourths 
of the carbohydrate was similarly replaced, the animals lived three months. 
And, if the proportions of propylene glycol to carbohydrate were as 1:1 (repre- 
senting a daily ingestion of approximately 30 ¢.. of propylene glyeol per 
animal), no death was noted under five months of feeding. If one-eighth 
of the dietary carbohydrates was replaced by propylene glycol, a good gain 
in weight was observed, nearly equal to that of the controls, and no deaths 
were seen under five months of treatment. If one-eighth of the diet was re- 
placed, the animals reacted as did the controls. If one-eighth of the weight 
of the normal diet was fed as propylene glycol in addition to the diet, the 
treated animals gained more rapidly than did the controls, an effect attributable 
to the caloric value of the added propylene glycol. The available evidence 
justifies the conclusion that propylene glycol is comparatively nontoxie and 
that, even in relatively large amounts, it ean be utilized by the body as a 
source of energy. 

Pathologie changes observed as occurring in fatal intoxications with pro- 
pylene glycol have been limited to the liver and kidneys. In the former, moder- 
ate destruction of liver cells with some karyolysis has been noted, while the 
latter have shown degenerative changes in the cells of the convoluted tubules. 
However, many of the animals sacrificed after five months on a_ diet in which 
one-half of the carbohydrate was replaced by propylene glycol have shown no 
histologic alterations whatsoever.' 
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The relative ease with which propylene glycol can be converted by oxidation 
into lactic acid probably accounts for its low toxicity and for most of its meta- 
bolie effects. The substance increases glycogen storage.” If it be given in 
large quantities, about two-thirds is metabolized as carbohydrate, and one-third 
is exereted unchanged.” Presumptively, as a result of its earbohydrate-like 
hehavior, animals treated with the drug show an inereased activity and de- 
creased fatigability.*»" However, the basal metabolic rate has not been  in- 
creased, either in animals or in human beings. 

Because of its low toxicity and the ability of the animal body to utilize 
quantities of the drug as food, propylene glycol has been proposed as a vehicle 
for water-insoluble medicaments, particularly if they are to be administered 
intravenously. In this connection the purpose of the present study is three- 
fold: (1) to determine the toxie action, if any, of moderate amounts of intra- 
musecularly or intravenously administered propylene glycol; (2) to study the 
effects of intravenously administered desoxycorticosterone acetate upon the 
intact subject, using propylene glycol as a vehicle; and (5) to attempt the 
production of thrombi as a result of the intravenous use of desoxycorticosterone 
acetate solutions in propylene glycol. 


METHODS AND MATERIALS 


Seven male hospital patients selected at random and seven dogs acclima- 
tized for from three to four weeks prior to the experimental period served as 
subjects of the study. Intramuscular injections were given in the gluteal 
region. The antecubital veins were utilized for injections in the human pa- 
tients, while both neck and leg veins were used in the dogs; in man, care was 
taken to avoid repetition of the injections into a single vein on successive days. 

Kxeept for slight modifications described elsewhere,’® the methods detailed 
in the references indicated were used, and estimations were made of the follow- 
ing components of the blood on all subjects before, during, and at the end of, 
icterie index,? Van 


0 


the experimental period: sodium,* potassium,’ ehloride,' 
den Bergh,!? cephalin precipitation,’® phosphatase,'* phosphorus,’ total'® and 
free’ cholesterol, total proteins,’S albumin, and globulin. 

The animals were killed by the intravenous injection of pentobarbital, 
about 1 ¢@.c. per kilogram of body weight. Desoxycorticosterone acetate was 
used in the form of a solution containing 10 mg. in 1 ¢.e. of propylene glycol.* 
Organs and other tissues were studied grossly and mieroscopieally. 


I. THE EFFECTS OF PROPYLENE GLYCOL FOLLOWING REPEATED INTRAMUSCULAR OR 
INTRAVENOUS ADMINISTRATION 

It has already been shown that approximately 25 ¢e. of a 50 per cent 
solution of propylene glycol in physiologic saline per kilogram of body weight 
must be injected intravenously into the dog at a rate of not less than 0.5 e.e. 
per minute in order to produce death.2 Inasmuch as such amounts are many 
times that which would be used as menstruums for medicinally active sub- 
stances, the present study was devoted to ascertaining the influence of repeated 
injections intramuscularly and intravenously. 


*We are indebted to Dr. Max Gilbert, of the Schering Corporation, for generous supplies 
of this material, as well as for especially prepared ampules of plain propylene glycol. 
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A. IN tHE Doc.—One dog was given twenty-one daily intramuscular in- 
jections of 1 ¢.c. of propylene glycol into the gluteal region of the right hind leg; 
a similar amount of sesame oil was simultaneously administered into the left 
hind leg. The dog was sacrificed the day after the last injection, and histologie 
sections were made through the areas of the injections. Grossly, both the area 
of propylene glycol administration and that of sesame oil injection showed an 
inereased vascularity. The latter site contained unabsorbed fluid in which free 
oily particles were readily distinguishable. Microscopie examination disclosed 
in the area of the sesame oil injections large numbers of fat globules between 
the individual muscle cells and bundles. Sections taken from the site of the 
propylene glycol injections showed some disruption of the muscle bundles with 
infiltration of large numbers of monocytes, plasma cells, lymphoeytes, and 
scattered groups of red blood eclls and polymorphonuclear leucocytes. No 
foreign material, such as fat, was present. 

At autopsy there was no evidence either grossly or microseopieally of 
pathologie changes in the liver, thymus, kidneys, panereas, adrenals, thyroid, 
and gonads, and the weights of all were normal. An analysis of the kidney, 
spleen, and diaphragm for 17-ketosteroids showed only traces present, and none 
was found in the lung. 

A seeond dog (Dog ©) was given 1 ¢.c¢. of propylene glycol intravenously 
every day for forty-three consecutive injections. No specific effects could be 
detected. During the period of injections, the dog gained from 6.9 to 7.2 kg. 
in weight. At the time of sacrifice there was no gross or histologic evidence 
of pathologie alterations in any organ. Normal values for blood ehemical 
constituents before and after treatment are shown in Table I. 

Three dogs weighing 5.9, 6.3, and 8.1 ke., respectively, were cach given 20 
e.c. of propylene glycol daily for three successive days. Immediately following 
the last injection, they were saer:ficed. No gross or mieroscopie alterations 
could be founc in any of the organs or other tissues of the body. Urine ob- 
tained from the bladder immediately post mortem showed no albumin or sugar 
and no abnormal constituents in the sediment. 

B. IN THE HumMaAN Bernc.—Each of four patients was given sixtcen intra- 
muscular injections of propylene glycol on successive days. These patients 
were selected at random; one was convalescing from a rather massive pul- 
monary infaret secondary to eardiae disease; one had cirrhosis of the liver; 
one had arthritis; and the fourth suffered from pituitary infantilism. During 
the first five days of injections, the doses were 0.5, 0.5, 1, 2, and 3 @.e.., respee- 
tively, following which 3 ¢.c. were given daily. One patient complained of a 
slight burning sensation over the area of the injection lasting for from one to 
two hours on one occasion. The others had neither subjective symptoms of dis- 
comfort nor objective signs of injury during or following any of the injections. 

Following this series of injections, the same four patients were given 
propylene glycol intravenously for eleven consecutive days. Dosage was begun 
with 1 ¢.c. and inereased at the rate of 1 ¢e. daily until 10 ¢.e. had been given. 
For these injections, syringes were boiled in the usual manner. One patient 
complained of a sense of warmth in the axilla if the injection were given 
rapidly. In no other instance was there any demonstrable local or systemic 
reaction, irrespective of variations in the amount or speed of the infusion. 
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No abnormal alterations were observed in the icteric index, Van den Bergh 
reaction, or cephalin flocculation in any patient. There was no disturbance in 
the blood sodium, chloride, potassium, phosphorus, total or free cholesterol, 
phosphatase, or protein partition as a result of either the intramuscular or 
intravenous injection of the propylene glycol. 

ConcLusion.—Propylene glycol is a relatively nontoxie material which 
can be given repeatedly to dogs or human beings in relatively large doses, either 
intramuscularly or intravenously, without any signs of untoward reaction ex- 
eept slight local injury when given intramuscularly. It should prove to be a 
satisfactory menstruum for medicinal agents which are relatively insoluble in 
water or watery solutions. 


Il. THE EFFECTS IN INTACT ANIMALS AND IN HOSPITAL PATIENTS OF 
INTRAVENOUSLY ADMINISTERED DESOXYCORTICOSTERONE ACETATE 
IN PROPYLENE GLYCOL 

Desoxycorticosterone acetate dissolved in propylene glyeol has been ad- 
ministered to dogs subeutaneously,?° intramuseularly,?” and intravenously,?! but 
not to human beings by any of these three routes. The present studies were 
designed primarily to determine the degree of risk, if any, involved in the 
use of this preparation intravenously. 

A. EXPERIMENTS ON DoGs.—Six animals were given desoxycorticosterone 
acetate in propylene glycol intravenously in varving doses over widely variable 
periods of time. All animals gained weight during the treatment and remained 
in good health. Diarrhea appeared for a short period of time in two animals 
(Dogs 4 and 6), but this could not be related with certainty to the action of the 
drug, as it disappeared in both instances without any known alteration in the 
experimental regime. 

1. The Effect of a Single Intravenous Injection —Dog 2 was given a single 
intravenous injection of 50 mg. of desoxyeorticosterone acetate (5 ¢.c. of propy- 
lene glycol containing 50 mg. of desoxveorticosterone acetate) and was sacrificed 
four and one-half hours later. There was no chanee in behavior during or after 
the injection. Laboratory data are given in Table [. The significant features 
noted were an increase in the sodium and ehloride contents of the blood with 
a simultaneous decrease in the concentration of potassium in the blood. When 
the dog was sacrificed four and one-half hours after the injection of desoxycorti- 
costerone acetate, there was no gross or histologic evidence of organic damage, 
nor did the kidneys, spleen, diaphragm, or lung contain more than ‘‘traces”’ 
of 17-ketosteroids. Particular attention was paid to the presence or absence of 
thrombi, but none was found even after careful microscopic search. 

2. The Effects of Repeated Intravenous Injections—Five dogs were given 
daily intravenous injections of desoxycorticosterone acetate in propylene elyeol, 
in doses varying from 10 to 200 mg. over periods varying from six to forty-seven 
days. The laboratory data from these experiments is summarized in Table I. 


a. Behavior in Relation to the Individual Injection: Injections were given 


‘as rapidly as the propylene glycol solution of desoxycorticosterone acetate 


would pass through a 22 gauge needle. No effect of any kind could be elicited 
in any animal receiving less than 150 mg. at a single dose. In Dog 4, the 
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injection usually took approximately two minutes. By the time 15 to 17 ee. 
of the solution had entered the circulation, ihe dog routinely developed con- 
vulsive seizures which lasted for from one-half minute to three minutes.  Fol- 
lowing this, he would usually vomit. A convulsion could be avoided entirely by 
changing the time taken to inject the drug from two to three and one-half 
minutes. Although vomiting still occurred occasionally, it seemed to be un- 
related to the speed of the injection. These reactions did not prevent a gain 
in weight, nor did they seem to interfere with hepatie funetion (Table I). 

b. Alterations in Blood Chemical Findings: In none of the animals 
were there any changes in the following as a result of the treatment deseribed : 
icteric index, Van den Bergh reaction, cephalin precipitation, phosphatase, 
phosphorus, total cholesterol, free cholesterol, albumin, or globulin (Table I). 
The sodium and chloride concentrations in the blood behaved in a somewhat 
unexpected manner. There was a significant elevation: four and one-half 
hours after a single injection of 50 me. (Dog 2, Table 1), five hours after a 
single injection of 200 mg. (Dog 4, Table 1), and after six daily injections of 
50 me. each (Dog 3, Table I; Dog 5, Table I). In Dog 4, which showed a 
marked rise after a single injection, sodium and chloride values were still 
elevated at the end of fifteen daily injections, after a total of 2,890 mg. of 
drug had been administered, but the level was distinctly lower than it had been 
following the first dose. In Dogs 1 and 6, the values after treatment were 
normal and, in the latter animal, corresponded closely to those obtained in the 
‘“‘fore’’ period. Toward the end of the experimental period, both of these 
animals drank more water, but circumstances did not permit a careful measure- 
ment of intake or output. Potassium values were usually lower at the end of 
the experiments than at the beginning, but the magnitude of the changes was 
not significant. 

ce. Local Reaction to the Injections: In and around the site of repeated 
injections of propylene glycol or desoxyeorticosterone in propylene glycol there 
was always a fibrous tissue reaction with thrombus formation, often ending 
in the complete obliteration of the lumen of the vessel. Unless the surrounding 
tissues had been infiltrated during injection, there was no histologie evidence 
of any deposit of desoxyeorticosterone acetate in these areas. 

d. Pathologic Study of All Animals: No gross abnormalities could be 
detected in any of the organs or tissues of either the control or experimental 
animals with the exception of the site of the repeated intravenous injections, 
which showed the perivascular induration and thrombus formation mentioned 
in the preceding paragraph. Weights of the liver, kidneys, gonads, thyroid, 
panereas, and adrenals were normal in both control and experimental dogs 
when analyzed on the basis of organ weight-body weight ratios. This statement 
justifies particular emphasis in relation to the adrenal gland. 

Microscopie examination showed no difference between control and test sub- 
jects except in the ease of Dog 5, which received approximately 200 mg. 
of desoxyeorticosterone acetate daily for fifteen days and which on several 
oceasions developed convulsions during the injection. In the lung of this 
animal there were seattered clumps of a deep brownish material, which was 
perivascular in one section, but had no obvious relationship to any tissue ele- 
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ment in numerous other sections. This material was believed to be desoxy- 
corticosterone acetate, as the same histologic reaction was observed following 
its purposeful injection into periarterial tissue, in which it was later identified 
hy chemical determination. However, there were no intravascular deposits of 
this material, nor were there any thrombi present in any part of the lung or 
in any other organ or tissue of the body. 

e. The Chemical Determination of the 17-Ketosteroids in Body Tissues: 
The total 17 ketosteroids were estimated in the following tissues of four dogs 
(Dogs 2, 4,5, and 6) receiving desoxycorticosterone acetate: kidney, spleen, 
diaphragm, lung, liver, and heart. Traces could be detected in all the tissues 
except the lung of Dog 2 which received a single injection of 50 mg. of the 
drug four and one-half hours before it was sacrificed. The heart of this animal 
was not examined. In the other three animals, traces only were present in 
all the tissues examined except the heart. Here the amount could be deter- 
mined quantitatively and was as high as 0.7 mg. per 100 Gm. of tissue in Dog 
6. Histologic studies of the hearts were not made. 

B. Sruptes iN Human Berncs.—Three patients with cirrhosis of the liver 
were used for these studies. At the time of the injections, two were severely 
ill with ascites and ankle edema, while the third was well compensated and 
nearly ready for discharge from the hospital. The first two showed abnormal 
liver function as determined by the following studies upon the blood: icteric 
indices, Van den Bereh reactions, eephalin flocculation, phosphatase, cholesterol 
partition, and protein distribution. The third showed normal values for all 
these. Each received twelve injections on successive days, the first two rep- 
resenting 0.5 and 1 ©e«., respectively, of the standard solution, and the re- 
maining ten, 1.5 ¢.c. each. There was no inerease in the ascites or edema of the 
two decompensated cirrhoties, no increase in blood pressure, and no untoward 
immediate or late reaction to the injections in any instance. In the third indi- 
vidual, there was no increase in weight, no tendeney for the development of 
edema in the abdomen or extremities, and no change in blood pressure. Values 
for the constituents of the blood mentioned above showed no alteration as a 
result of the injections. Sodium, potassium, and chloride studies were not 
done. on 

DiscuSSION AND ConcLustons.—The above finuings would suggest that 
relatively large intravenous doses of desoxycorticosterone acetate ean be com- 
pensated for in the intact animal, provided salt is not foreed; for, after a 
transient period of elevation in blood sodium and chloride levels, these became 
and remained normal despite rather massive doses of the drug. Compensation 
for such large amounts of the steroid does not appear to be associated with 
histologic alterations or e@ross change in the weight of the adrenal glands; 
nor it is accompanied by an enlargement or dilatation of the heart. That 
the effects are not the result of inactivation of the hormone as a result of its 
intravenous injection has been adequately shown by Cleghorn,?? who maintained 
two adrenalectomized dogs ‘‘indefinitely’’ through the intravenous administra- 


tion of desoxyeorticosterone acetate in propylene glycol. The application of 
the drug in patients was not sufficiently” prolonged to bring out eritically 
adverse effects, but suggests that, even where the liver is damaged, the body 
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with normal adrenals is capable of compensatory responses which, at least for 
a short time, neutralize or prevent the full exhibition of the powerful action of 
the drug. 

The absence of desoxycorticosterone acetate from the area of thrombus 
formation about the site of the intravenous injection suggests that the effect 
obtained was a nonspecific one which could have been produced as readily by 
other hypertonic solutions. 

When injected intravenously, no untoward clinical reactions were caused 
by single injections of desoxycorticosterone acetate in doses ef 100 me., rep- 
resenting 10 ¢.¢. of propylene glycol, whereas nausea and vomiting appeared 
if 200 mg. were similarly given. Moreover, generalized convulsions could be 
produced by increasing the speed of the injection. These amounts of drug are 
from five to ten times as great as those therapeutically indicated in Addison’s 
disease. It seems fair to conclude that the drug is safe for intravenous applica- 
tion in the erisis of that disease. 


Il. THE PROBLEM OF EMBOLIZATION FOLLOWING THE INTRAVENOUS USE OF 
SOLUTIONS OF DESOXYCORTICOSTERONE ACETATE IN PROPYLENE GLYCOL 


Propylene glycol is a very satisfactory solvent for desoxycorticosterone 
acetate, dissolving 10 mg. or more per cubic centimeter. When such solutions 
are diluted with water, precipitation of the drug oeceurs immediately. It has, 
therefore, been postulated that the intravenous use of propylene glycol solu- 
tions of desoxyeorticosterone acetate would be fraught with the danger of 
embolization as a result of a rather rapid precipitation of the chemical. Sueh 
a conclusion has not been borne out by work with dogs, provided, as noted in 
section I, the amounts of drug introduced remained below 200 mg., represent- 


TABLE II 


THE EFFECT OF SALINE DILUTION UPON THE PRECIPITATION AND CRYSTALLIZATION OF 
DESOXYCORTICOSTERONE ACETATE FROM SOLUTION IN PROPYLENE GLYCOL 
PRECIPITATEt 


| ea 
NUMBER | AMOUNT |AMOUNT OF AVERAGE 


i | | | AVERAGE 
OF OF DCA* | SALINE DILUTION | AMOR- | TIMETO | CRYSTAL- | TIME TO 
TRIALS | (ma). |  Cexmy 4 | PpHOUS | APPEAR | LINE | APPEAR 
| } (SEC. ) | ( SEC.) 
3 0.5 0.5 1: 1,000 Immed. P+ $4 3 
4 0.5 1.0 Le 22000 +++4 [immed. + + + + 28 
4 0.5 2.0 1: 4,000 ++ Immed. +4+4+ 52 
8 0.5 25 1: 5,000 Eye Immed. ++++ 46 
4 0.5 4.0 1: 8,000 ++4 Immed. ++++4+ 99 
5 0.5 5.0 1:10,000 aes Immed. $++4 78 
4 0.5 6.0 1:12,000 ++4 Immed. $+ 51 
4 0.5 7.0 1:14,000 ++4 Immed. $++ 82 
4 0.5 8.0 1:16,000 +4 Immed. ++ 122 
4 0.5 9.0 1:18,000 + 4. Immed. ++ 144 
4 0:3 10.0 1:20,000 + Immed. 4 150 
4 0.5 12.0 1:24,000 + Immed, + 135 
3 0:5 14.0 1:28,000 oft Immed. + 240 
4 0.5 16.0 1:52,000 + 10 = 360 
4 0.5 18.0 1:36,000 mF 10 + 360 
4 0.5 20.0 1:40,000 3 10 0 24 hr. 








*Represents a 1 per cent solution of desoxycorticosterone acetate in propylene glycol. 

: +The plus signs represent a quantitative grading of both the “amorphous” and “erystal- 
line” precipitates. In the case of the latter they also have qualitative significance as follows: 
++++ and +++, very large crystals and “bundles” or chains of crys.als; ++ and +, small 
crystals, ‘‘sheaf” and “chain” formations retained; +, small crystals not seen in “bundles” or 
“chains”; 0, no crystals found. 
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ing 20 e.c. of solution. Moreover, in such doses a rapid injection was necessary 
for the production of signs and possibly important for the deposition of the 
material in the lungs. 

lor these reasons, some phenomena associated with the mixing of propy- 
lene glycol solutions of desoxycorticosterene acetate with watery solutions have 
been observed in vitro. These are summarized in Table Il. The reactions were 
similar whether distilled water or physiologic saline was employed. 

When the propylene glycol-desoxycorticosterone acetate solution and water 
were mixed in dilutions up to 1:28,000, a floeculate appeared immediately, 
which, under the microscope, was shown to consist of amorphous particulate 
matter of rather uniform size, approximately 3 to 5 microns in diameter. In 
a dilution of 1:40,000 or above, this material has failed to show erystallization 
over periods up to twenty-four hours, whereas with greater concentrations, 
needlelike crystals varying in length from 9 to 60 microns rapidly made their 
appearance, being present in about thirty seconds in dilutions of 1:1,000. In 
dilutions up to 1:20,000, all of the precipitated material changes to a crystalline 
form within a very few minutes. This process was hastened by agitation, and 
eventually large floceula up to 1 or 2 em. in length could be obtained in the 
higher concentrations. 

Discussion AND ConcLusions.—It is obvious from the above experiments 
that desoxyeorticosterone acetate precipitates from propylene glycol solutions 
in an amorphous form at first and remains in that form if sufficiently diluted. 
The individual particles of this precipitate conform quite satisfactorily to the 
size and shape of other particulate matter in the blood stream. However, if 
they are allowed to stand without too much dilution, acicular crystals result, 
which conceivably might act 2s emboli. 

The bedside application of these facts is important. In all our injections 
of propylene glycol solutions of desoxyeorticosterone acetate into patients, we 
have used ‘‘wet-sterilized’’ syringes. Microscopie examination of the interfaces 
of solution and droplets of water in the syringe has routinely shown crystals 
of the material. Despite this, no palpable reaction from the injections has been 
observed. In six dogs receiving similarly prepared injections, no evidence of 
emboli could be detected grossly or microscopically. In one of these, with 
very large doses, precipitation of the material did occur within the lung, but 
without embolus or thrombus formation. In view of the above, we believe the 
intravenous injection of solutions of desoxyeorticosterone acetate in propylene 
glycol (10 mg. per 1 ¢.e¢.) is a safe procedure within any known therapeutic 
range of dosage. However, in applying the drug in this fashion, it is im- 
portant to observe the following rules: 

1. An empty syringe should be used for inserting the intravenous needle. 
As soon as the needle is shown to be in the vein, a syringe containing the 
desoxycorticosterone acetate solution should be attached and positive pressure 
immediately established and maintained throughout the injection. 

2. Syringes for injecting the solution should be ‘‘dry-sterilized’’ to avoid 
any precipitation of the active ingredient. 

3. The material should be injected slowly, not to exceed a rate of 2.5 ¢.c. 
per minute. This assures its rapid dilution and should prevent the formation 
of any acicular precipitate. 
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CLINICAL CHEMISTRY 


A PRACTICAL METHOD FOR THE DETERMINATION OF BLOOD 
VOLUME WITH THE DYE T-1824* 


A SURVEY OF THE PRESENT BASIS OF THE D¥E-MeTHOD AND ITS 
CLINICAL APPLICATIONS 


MaGnus I. GREGERSEN 


HE purpose of the present report is to make Available for general use a 

practical method of measuring blood volume that was developed primarily 
for the Armed Forces. 

During the past sixty to seventy years numerous methods have been devised 
for measuring blood volume on intact animals or man (for example, dilution 
of the blood after large intravenous infusions'; replacement methods'; methods 
for measuring plasma volume trom the dilution of slowly diffusible foreign 
substances such as foreign proteins,?* vital dyes,? gum acacia,® and hemoglo- 
bin? §; the carbon monoxide” '° and radioactive iron,'' and the radioactive phos- 
phorus techniques for measuring the total erythrocyte volume'®'™). Of these, 
the dye methods have held the greatest promise of being suitable for routine 
clinical use, and the original vital red method brouglit forward by Keith, Rown- 
tree, and Geraghty’ was actually simple enough to meet this need. While ob- 
servations of great valuc were made with the Keith-Rowntree technique in its 
original form, experimental studies gradually disclosed that it was far from 
foolproof. Efforts to erradicate the sources of error and to satisfy certain 
theoretical objections to the method have led to numerous modifications (for 
examples, use of other dyes; attempts to improve the accuracy of the colorimetric 
determinations by employing various types of compensating colorimeters, speec- 
trophotometers or photoelectric colorimeter’ instead of the simple colorimeter; 
corrections for hemolysis in the samples; extraction of the dve from the plasma 
samples; calculation of plasma volume from extrapolation of a one- to two-hour 
time-concentration curve). As a result the dye method has become a rather 
elaborate, time-consuming procedure requiring highly specialized and expensive 
equipment not generally available in e¢linics. The complicated nature of the 
technique is not, however, the only consideration which has caused some hesi- 
tancy in applying the dye method. Controversies over such fundamental ques- 


tions as the exact time required for mixing, the criteria of uniform mixing, and 


*This work was done partly under grant from the Josiah Macy, Jr., Foundation and partly 
under a contract, recommended by the Committee on Medical Research, between the Office 
of Scientific Research and Development and Columbia University. 

From the Department of Physiology of the College of Physicians and Surgeons, Columbia 
University. 

received for publication, Sept. 11, 1944. 
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whether or not a significant fraction of the dye is lost during the mixing period 
have created the impression that the method rests upon rather insecure tenets. 
Furthermore, a few investigators have reported that consistent results could 
not be obtained with the dye method in shocklike states,’* 1° the very conditions 
in which a reliable determination of blood volume obviously would be of most 
immediate practical value. 

The method which is reeommended here is the outeome of several years’ 
work on various aspects of the dye method'®?* and of more than two years’ 
experience with blood volume measurements in various types of experimental 
shock in animals'® and in the study of shock in man.***° The assumptions 
upon which the determinations of blood volume are based have been extensively 
tested under abnormal as well as normal cireulatory conditions and confirmed 
by factual data. From this evidence it is possible to define the limits of the 
error introduced by simplifying the determination on man as described below 
and to show that this error is negligible in comparison with the reduction in 
blood volume observed in shock caused by trauma or hemorrhage. In view of 
the conflicts and controversies that have shadowed the dye methods, it has 
seemed desirable to supplement the description of the equipment and the method 
with a discussion of those questions which, in the experience of the writer, reeur 
most frequently and which have persisted in placing the dye method in ill 
repute and in casting doubt upon blood volume measurements in general. 

The simplified method described here has special features which makes it 
possible to determine the blood volume rapidly and with sufficient accuracy for 
practical purposes. 


1. The plasma concentration of the dye T-1824 is measured with 
the portable Decade Photometer designed by Nickerson.?" 

2. The total plasma volume is obtained from the dye concentration 
in a single blood sample drawn ten minutes after the dye injection. 

3. The critical and troublesome procedure of measuring out an 
exact amount of dye at the time of making the determination is elim- 
inateca by using ampules containing a standard amount of dye solution 
of known concentration. This also eliminates all caleulations from the 
determination of total plasma volume. By reference to a chart, the 
plasma volume is obtained directly from the Decade Photometer read- 
ing. The total blood volume is then caleulated from the plasma volume 
and the hematocrit. 

4. The hematocrit may be determined with the copper sulfate- 
specific gravity method?’ instead of with a high speed centrifuge. With 
the addition of the latter technique, all the equipment is readily 
portable. 

A. MATERIALS AND EQUIPMENT 


1. Dye solution (T-1824).—The dye is supplied in ampules containing 
exactly 5 ¢.e. of a solution of T-1824 which has been carefully standardized.* 
The concentration (approximately 0.45 per cent in water) has been so adjusted 
that when the solution is diluted 1:500 in human plasma or serum and read at 





*These ampules may be obtained from the Warner Institute of Therapeutic Research, 
New York, N. Y. The preparation on a large scale of ampules containing a fixed amount of 
dye was made possible through the cooperation of Dr. Marvin Thompson, Director of Research 
of the Warner Institute. 
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624 mu in 10 mm. eells against an identical dye-free blank, its optical density 
is 0.8.* Each dye ampule is wrapped in a package containing also a 10 ec. 
ampule of sterile saline which is needed in transferring the dye solution quan- 
titatively to a syringe (see Procedure). 

2. Syringes.—One to two dozen 10 ¢.c, syringes. These are packed and 
autoclaved in sterilizing tubes (see Fig. 1). 

3. Needles.—One-half dozen each of 19-, 20-, 21-, and 22-gauge needles for 
venipuncture. Platinum needles are recommended but not essential. For sharp- 
ening the needles use a small Arkansas stone. A pointed needle is preferable 
to one with a cutting edge. The needles are packed and autoclaved in needle 
sterilizing tubes (Fig. 1). For arterial punctures, the equipment should also 
inelude a 19- or 20-gauge needle of the modified Ungar type,** in which the 
inner section can be replaced with a tightly fitting, blunt obturator (Fig. 1). 

4. Stopcocks—One or two water-tight, three-way metal stopeocks. 

5. Blood Tubes.—Pyrex serum tubes of 5 ¢.e. capacity (80 mm. by 10 mm.) 
as shown in Fig. 1. In the event that the hematocrit is to be determined by 
centrifugation rather than with the copper sulfate-specifie gravity method, the 
equipment should also include some form of hematoerit tube, sueh as the Win- 
trobe (Fig. 1), which requires only a sma!l amount of blood for the determina- 
tion. An alternative procedure is to use 4 ¢.¢. hematocrit tubes (100 mm. by 
8 mm.)t+ and utilize the plasma from this source for both dye and plasma pro- 
tein determinations. 

6. Corks.—Impregnation with hot paraffin prevents blood from sticking 
to the corks and minimizes the danger of hemolysis. 

7. Anticoagulant.—The heparin produced by the Connaught Laboratoriest 
is recommended for this purpose. Other dry anticoagulants may be used pro- 
vided they do not (a) alter the red cell volume, (b) influence the spectral 
absorption of the dye in plasma, or (¢) change the density of the plasma itself, 

8. Pipettes for Collecting Plasma.—Made from 8 mm. glass tubing drawn 
out to a fine tip (Fig. 1) and equipped with a small rubber bulb (standard eye 
dropper bulb). 

9. Screw Cap Jars—Three screw cap jars (27% inehes in diameter, 35% 
inches in height). One jar for 70 per cent alcohol, one for sterile gauze, and 
one for used needles, which is filled with water and contains a rack (plastic) 
that serves to protect the needle points (Fig. 1). 

10. Charts.—Used for recording of data (Fig. 2). 

11. Carrying Case.—9 by 9 by 16 inches (Fig. 3) fitted to hold the items.§ 

12. Decade Photometer.||—Nickerson, 19442° (Fie. 4). 

13. Portable Outfit (Including Hand Centrifuge—|).—Used for measuring 
specific gravity of whole blood and plasma with the copper sulfate method.?? 


B. DETERMINATION OF BLOOD VOLUME IN NORMAL SUBJECTS 


1. The condition of the subject (position, activity, and digestion) influences 
the plasma volume. Hence it is customary to measure the normal blood volume 


*See Appendix for directions for standardizing. 

7MacAlaster Bicknell Co., Cambridge, Mass. 

tConnaught Laboratories, University of Toronto, Toronto, Can. 
§Fibre Products Manufacturing Co., New York, N. Y. 

Bausch and Lomb Optical Co., Rochester, N. Y. 

{Eimer and Amend, New York, N. Y. 
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Fig. 1.—Simplified sketch of the principal items included in the blood volume kit showing the 
construction of the arterial needle. See text for a complete list of materials and equipment. 
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Blood Volume Determination 


Place .- a ie ee 
Date ..- ; . ee ae eee 
RNG yet ee ee ee Japa NOS on ase 4 \ge Sex Mi... P_.- 
LOTS eee. | ' ameasee eleceeeccmeege | Ue 
Hein cos em, Se a, Body Surrace_..-—_- ae SSGtN. 


History (e.g., type, extent and time of injury, treatment received, etc.) 
T-IG24 aolation: Tot Wo. —------; DB, (1:900)_.....-; cc. imyjected ..=...- : weln=......- 


Procedure: (e.g., technical difficulties, if any, encountered in carrying out the determination, 
method of rinsing dye syringe, and special cireumstances such as lipemia or 
hemolysis that may influence the result.) 


DECADE 
N PHOTOM seo ranuctetctagil PECIFI RAVITY 
: LE "FIN HOTO SPECIFIC GRAVI’ 
TIME SAMPIS | VED C.C. ae ANTICOAGULANT ; 
ia NO. ART. ETER 
READING | TOTAL CELLS | % CELLS |BLOOD PLASMA|% P.P.| % CELLS 
Results: 

PARRA ey MND) oe OOS ee AN oS Cy RG, 

JE ES Oo nee pee eens On Oe A (Cl ene, B, .e sq.M, 

sa (Gal WORNINe A eee ee ON. / BOs. ancccu ee, sq.M. 


Fig. 2.—Protocol sheet indicating the pertinent data that should be recorded with each de- 
termination of blood volume. 


under reasonably basal conditions. The subject should be in a postabsorptive 
state* and should remain quiet, lying down for at least fifteen to twenty minutes 
before and throughout the determination. 

2. Attach a 20- or 21-gauge needle snugly to any well-fitted 10 ¢.c. syringe. 
Draw up 1 to 2 cc. of sterile saline, wet the barrel, and expel all air bubbles, 
leaving the needle as well as the tip of the syringe filled with saline. Being 
vareful to avoid the introduction of air, draw in all of the 5 ¢.e. of dye in the 
ampule. Follow this with another 1 to 2 ¢.c. of saline in order to wash the dye 
in the needle back into the syringe. Detach the needle and expel any air bubbles 
that may be present. 

Do not attempt to rinse the ampule with saline. The amount of dye solution 
remaining in the ampule has been determined and allowance has been made for 


- *The lipemia resulting from a recent fatty meal may be troublesome in the dye determi- 
nation and lead to error, especially if the degree of lipemia is not identical in the dye-free 
and dye-tinged blood samples. See discussion of this question on page 1275 


«io. 
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Fig. 3.—Blood volume kit. The lower compartments provide space for several dye units, addi- 
tional syringes, etc. 





m Fig. 4.—Nickerson Decade Photometer (Bausch and Lomb Optical Company, Rochester, 
New York). The instrument is permanently attached to the door of the carrying case. When 
open, the case forms a convenient base of such height that when placed on an ordinary table 
the eyepiece of the instrument is at eye level. 
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this in the filling of the ampule. Tests have shown that the overall error in this 
method of giving the dye is within 0.5 per cent. 

3. Without stasis collect 4+ ¢.c. of blood from the antecubital vain (dye-free 
sample). Detach the syringe from the needle (leaving the needle in the vein) 
and empty the blood into a 4 ¢.c, hematocrit tube or 5 ¢.e. serum tube (see under 
6) containing 1 me. dry heparin. Cork the tube to prevent evaporation. 

Precautions: The practice of making a venipuncture with a single quick 
jab is not recommended. Go through the skin with a quick thrust, but be 
deliberate in entering the vein, for if by chance the needle penetrates the opposite 
wall of the vein, some of the dye may escape during the injection which follows 
immediately. After the needle is in the vein, wait for one-half to one minute 
before drawing the sample. By this time the effects of momentary stasis will 
usually have disappeared. 

4. Through the needle already in the vein inject the 5 ¢.c¢. of standard 
T-1824 solution and note the time. Make sure that none of the dye escapes 
outside the vein. Rinse the svringe several times (three to five) with blood be- 
fore withdrawing the needle. 

5. Exactly ten minutes after the dye injection, collect another 4 ¢.c. sample 
of blood without stasis from the opposite antecubital vein. Transfer this sample 
to a second 4 ¢.c. hematocrit tube or 5 ¢.c. serum tube containing heparin. 

6. Determine the specific gravity of the whole blood with the copper 
sulfate method.** After centrifugation of the samples, determine the specifie 
gravity of the plasma. The relative erythrocyte volume as obtained by the con- 
ventional hematocrit method is caleulated from the equation 


Per cent erythrocytes (blood sp. gr.)-—(plasma sp. gr.) 
1.6971—(plasma sp. er.) 

in which 1.0971* is the specific gravity of human red cells. Look for evidence 

of hemolysis in the supernatant plasma in both tubes (see under D). The hema- 

tocrits and plasma protein values may be obtained also by reference to the 

charts provided by Phillips and co-workers.*' 

Alternative procedure: If a high speed centrifuge is readily available, the 
hematocrit may be determined by centrifugation ‘for thirty minutes at 3,000 
rp.m. (radius 15 em.). Provided the samples fare properly taken without 
stasis, the hematocrits in the dye-free control anil dye-tinged samples should 
agree within 1 or 2 per cent. 

7. Collect about 1 ¢.c. of clear plasma from each blood sample with two 
narrow-tipped pipettes of the type described. Transfer each plasma sample 
directly to the appropriate cup of the Decade Photometer. With the dial of the 
Decade Photometer toward your left, turn the outer dial (coarse adjustment) 
clockwise until the right-hand field is slightly lighter in color than the left 
(dye-tinged plasma). Make the fine adjustment by turning the central knob 
until the two fields match.t Record the number on the dial. This number 
represents the plasma dye concentration express¢d in terms of optical density 


*The value 1.1036 will give the true relative cell volume. 


_tThe filters in the coarse adjustment differ in optical’ density by 0.1 and range from 0.3 
to 1.7. The fine adjustment ranges from 0.00 te 0.09 in |steps of 0.01. 
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at 624 mp. From this value the total plasma volume is obtained directly by 
referring to the chart* shown in Fig. 5. The total blood volume is then eal- 
culated from the following equation : 


i Plasma volume @.c. 
otal blood volume ¢.e. = ; 
1—hematoerit 


C. DETERMINATION OF BLOOD VOLUME IN PATIENTS IN SHOCK 


In shocklike states the peripheral venous circulation is usually poor. The 
veins are collapsed and blood ean be obtained from them only with great dif- 
ficulty, if at all. In severe cases the veins may be so constricted that fluid can 
be forced through them only under considerable pressure. Venous blood samples 
obtained under these conditions are not representative of the cireulating blood. 
In all such instances the samples should be drawn from an artery (brachial or 
femoral). 

Only one arterial puncture need be made. This ean be done without pain 
or discomfort to the patient by infiltration with a little 2 per cent novoeain at 
the site of the puneture. A 19- or 20-gauge needle equipped with a tightly 
fitting obturator (Fig. 1) is inserted into the brachial artery at the start and 
left in place. The dyve-free and dye-tinged samples can then be drawn without 
delay when desired by removing the obturator. When withdrawing the arterial 
needle, be sure to apply pressure for a few minutes to prevent hematoma forma- 
tion. 

After the arterial needle is in place, insert a 19- or 20-gauge needle into 
one of the antecubital veins. Attach to the needle a water-tight, three-way 
stopcock; the side outlet of the stopeock is connected with a saline reservoir or 
a syringe filled with saline. Force saline gently into the vein until the obstrue- 
tion to flow has disappeared. At this point collect a dye-free blood sample 
from the artery. Attach the svringe containing dye to the other outlet of the 
stopcock; inject the dve into the vein and record the time. Rinse the syringe 
two or three times by filling it with saline from the reservoir and expelling the 
contents into the vein. Make sure that all the dye is washed into the cireulation. 
The dye must not be injected into the artery. 

In normal subjects the average time required for complete mixing of the 
dve is about nine minutes. In eases of severe shock this is inereased to fifteen 
minutes.2° The ten-minute sample may therefore be supplemented by a fifteen- 
minute sample. However, the difference in the plasma volume ecaleulated from 
these two will not in general exceed 4 to 5 per cent. If there is a difference, 
the fifteen-minute figure is taken as correct. 


D. GENERAL CONSIDERATIONS IN THE MEASUREMENT OF BLOOD VOLUME 


Suecessful use of the dve method in measuring blood volume depends largely 
upon a knowledge of its limitations and the manner in which various conditions 
and technical errors may influence the results. The cireumstanees under which 
the measurement is made should, in every instance, be considered in regard to 
their possible effects on the accuracy of the plasma dye determination and on 
the mixing and disappearance of the dye. 


*This chart is, of course, applicable only with the solution of T-1824 prepared and 
standardized for this purpose. 
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Determination of the Plasma Dye Concentration.—The first requirement 
for an accurate colorimetric determination of the plasma dye concentration is 
that the relation between the concentration and spectral absorption of the dye 
be fixed. The spectral absorption of T-1824 is influenced by salts, by the pH, 
and by colloids, but in plasma or serum the color of the dye is remarkably 


stable.’ This stability appears to be related to the phenomenon of selective 
binding of the dye by the plasma albumin.?* The spectral absorption of T-1824 
is the same over a very wide range of dye-albumin ratios. Nevertheless, if the 
dye is used in cases presenting extreme pathologic changes in the composition 
of the blood, the dye solution should be standardized with plasma or serum from 
the patient in question. 

The second basic requirement is that the control (dye-free) and unknown 
(dye-tinged) plasma samples be identical in every respect except for the dye 
present in the latter. Otherwise the difference in optical density is not a true 
measure of the dye concentration. As will be seen, errors of this nature usually 
arise from failure to observe rather simple technical precautions, 

Inherent Color of the Plasma.—The optical density of normal plasma at 
620 to 625 mp, the region of maximal absorption of T-1824 in plasma, is small 
(usually 0.1 or less) in comparison with the density (1.0 to 1.2) obtained after 
viving the usual amount of dye employed in determining the plasma volume. 
Consequently the effeet of variations in the natural plasma color during the 
interval between the withdrawal! of the control and unknown samples will, in 
general, be negligible. This is obviously no longer true if the optical density 
of the control plasma is high as, for example, when the plasma is already heavily 
tinged with dye remaining in the blood stream from previous injections (residual 
dye). It then becomes imperative to ascertain whether or not the plasma has 
changed in concentration during the interval in question. This information 
ean best be obtained by comparing the plasma protein concentrations in the two 
samples, and, therefore, some convenient and rapid method of estimating the 
plasma proteins (refractometer, falline drop, or copper sulfate method) should 
always be included as a routine part of the procedure. If the hematocrit values 
and the plasma protein levels in the control and unknown do not agree, the 
reason is either (1) that the plasma volume is changing rapidly, or, more likely, 
(2) that the samples have been drawn without adequate precautions against 
stasis. Hence, when circumstances permit, it is advisable to draw duplieate 
samples separated by approximately a minute. The presence of stasis will be 
revealed by lower values for hematocrit and plasma protein in the second 
sample of such a pair, and when this is the ease, the second sample should be 
taken for the determination. 

It is evident from these considerations that for maximal accuracy in the 
photometric determination of the plasma dye concentration, (1) the samples 
must be obtained without stasis, and (2) the composition of the blood should 
remain fairly constant during the interval between the withdrawal of the con- 
trol and unknown samples. This is especially true if for any reason (for ex- 
ample, residual dye, lipemia, hemolysis, high concentration of bile pigments) 
the optical density of the control plasma is large in comparison with the differ- 
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ence in density between the control and unknown. Hence it is not advisable 
to determine plasma volume while giving an infusion.* 

The presence of lipemia may lead to considerable uncertainty in the dye 
determination. Whenever possible, the difficulty with lipemia should be avoided 
by planning the determination at a time when the patient is in the postabsorptive 
state. It may be stated however that in studies of accident cases, lipemia was 
seldom encountered.?* 2° 

Theoretically, lipemia should not interfere with the dye determination if 
done with a spectrophotometer,'’® provided the degree of lipemia is exactly the 
same in the control as in the unknown. Such may actually be the situation at the 
time of sampling. However, if the samples are allowed to stand for several hours, 
fat begins to accumulate at the surface of the sample (especially in the cold), and 
in the experience of the writer, the degree of lipemia may then vary considerably 
in a series of samples although taken simultaneously. The results appear to be 
more consistent if the dye determinations are done as soon as possible after the 
samples have been drawn. If the determination is delayed, some attempt should 
be made to extract most of the fat. This can be done either by centrifugation 
at high speed (18,000 r.p.m.) or by shaking with ethylene dichloride. Since the 
plasma is still somewhat opalescent after the treatment described, neither of these 
methods is completely satisfactory. More effective methods at present available 


for dealing with lipemia (extraction of the dye from the plasma,*’ or decolora- 
tion of the dye*') are fairly laborious and impractical for routine clinical or 
field determinations of blood volume. Furthermore, the reagents dilute the 
original plasma several fold, and hence it becomes necessary either to increase 
the sensitivity of the dye determination or to increase the dose of dye injected, 
which is undesirable because of the tissue staining that results. 

Gross hemolysis inadvertenily produced in the course of the drawing or 
subsequent handling of the blood samples is the commonest source of error in 
the dye determination. Although the errors from hemolysis are greatly mini- 
mized by using T-1824, which permits the readings to be made in the region of 
the spectrum above 600 mu where the absorption by hemoglobin is relatively 
small,'® 7% 7° it must be emphasized that marked hemolysis in either the control 
or the unknown sample may throw the determination off by 5 to 10 per cent. The 


0 


presence or absence of hemolysis should always be noted and recorded for 
each sample as evidence of whether or not the readings are trustworthy. The 
blue color of the dye does not obscure hemolysis. Even small traces of hemolysis 
in the plasma samples are readily detected by inspection of the tubes against a 
white background. If the degree of hemolysis is so slight that its presence is 
questionable, the observer may be assured that the effect on the dye determina- 
tion will, for all practical purposes, be negligible. 

Circumstances may be encountered in which the circulating plasma is al- 
ready tinged with hemoglobin (severe burns, extensive contusions of muscles, 
and after transfusion with whole blood which has been stored for some time). 





*Progressive bleeding, however, does not interfere with the measurement unless the 
bleeding is associated with rapid changes in the composition of the blood. To be sure, the 
blood that escapes during the ten-minute period allowed for mixing will contain dye but in 
approximately the same concentration as the blood remaining in the circulation. For this 
reason the calculated volume includes the blood lost during the mixing period. In other words, 
the determination will give the volume at the time of the dye injection rather than that in 
circulation when the dye-tinged sample is drawn. 
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This condition does not of itself interfere with the dye determination inasmuch 
as the hemoglobin content of the circulating plasma will be essentially the same 
during the short period of time required for a plasma volume determination.** 
The samples must, however, be obtained without additional hemolysis. Unless 
the circulating plasma is definitely known to be tinged with hemoglobin, the 
presence of hemolysis in any of the plasma samples is invariably the result of 


failure to observe certain simple precautions : 


1. All needles, syringes, sample tubes, and corks with which the 
blood comes into contact must be not only clean, but absolutely dry. 

2. The cleaning of the equipment should be carefully supervised 
to make sure that soap or cleaning fluid used in the washing is com- 
pletely removed by repeated rinsings. 

3. Avoid drawing air into the syringe when collecting blood. 
When emptying the syringe, do not squirt the blood into the sample 
tube, but allow it to flow gently. Inclusion of air bubbles or froth in 


the sample is prone to cause hemolysis. 


Mixing Time and Disappearance Rate of Dyc.—The simplified procedure for 
measuring plasma volume outlined leads one to presume that the dye is uni- 
formly mixed with the circulating plasma within ten minutes after the injection, 
and also that the amount of dye lost from the cireulation during this interval 
is negligible. Are these assumptions valid? The evidence which is based on 
interpretations of the time-concentration curves will be considered briefly. 

As Erlanger pointed out,’ ‘‘Only that part of the (dye) concentration 
curve is indicative of the rate of disappearance which is inseribed after dis- 
tribution (of dye) has become uniform.’’ He also stated, ‘‘It is barely pos- 
sible that by means of backward exterpolation from the latter parts of the 
curve it might be possible to determine not alone the percentage disappearance 
during the mixing period, but even the duration of the mixing period and the 
concentration at the termination of the injection.’’ The writer adopted the 
extrapolation method of determining the initial dye concentration in the sum- 
mer of 1934. 

This procedure, which is an attempt to correct for the dye lost during 
the mixing period and, therefore, to make the determination of plasma volume 
independent of variations in mixing time as well as disappearance rate, has 
since been widely employed. In spite of the theoretical objections arising 
from the fact that the curve of disappearance of dve does not, strictly speaking, 
follow a straight line on a linear plot, the approximation is usually quite ade- 
quate for the purpose of measuring the volume. However, in all instances it 
eannot be relied upon to give a precise estimate of the time of mixing. Even 
in normal subjects at rest, one may occasionally find a time-concentration curve 
in which the ‘‘mixing’’ and ‘‘disappearance’’ portions of the eurve blend so 
gradually that it is difficult to decide exactly at what point mixing ceases to 
influence the dye curve. Conditions involving slowing of the cireulation (for 
example, shock) accentuate the difficulty. In all such instances the interpreta- 
tion of the data necessarily depends upon the assumption which is made in re- 
gard to the exact form of the disappearance curve. Various lines of evidence 
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now available indicate that this may be defined by a straight line on a semilog 
plot (logarithm of the plasma dye concentration plotted against time). The 
evidence in part is as follows: 

The remarkably slow rate of disappearance of T-1824°° and the effect of 
plasma or serum on its solubility and spectral absorption suggested the dye 
combines with plasma protein.'® This has recently been clearly demonstrated 


& 


in various ways by Rawson,?* who finds that T-1824 in plasma or serum is 
firmly and selectively bound to the albumin. Thus if the escape of T-1824 
from the blood stream is determined mainly by the rate of exchange of albumin, 
the disappearance curve should be exponential in character.2! Careful examina- 
tion of T-1824 time-concentration curves confirmed this prediction and showed 
that the disappearance of the dye is best defined by a straight line on a semilog 
plot.2.. This conclusion removes the element of personal judgment from the 
estimation of the length of the mixing period. The latter is clearly revealed 
by the deviation of the early portion of the dye curve from the straight line. 

It is apparent that any change in volume during the period of measure- 
ment may influence the dye curve and lead to an erroneous estimate not only 
of the mixing time, but also of the disappearance rate. If the plasma protein 
or hematocrit values obtained from the various dye-tinged blood samples indi- 
cate that such changes in volume have oeeurred, the dve readings must be ad- 
justed by applying the factor P,/P; in which P, is the plasma protein coneen- 
tration in the control sample taken immediately prior to the injection of dye 
and P;, the protein concentration in the dye-tinged sample in which the observed 
dye reading is D,. The corrected dye reading 1D, is obtained by the following 
simple formula: 

> 

P, 
In making this correction for fluid shifts, one obviously assumes that the total 
amount of circulating protein remains constant during the period covered by 
the dye curve. Determinations of plasma volume immediately before and after 
the occurrence of large fluid shifts demonstrate that the assumption, in general, 
is valid. 

During the past year we have analyzed a large number of time-concentra- 
tion curves to determine the mean values and range of variation in mixing 
time and disappearance rate of T-1824 in normal subjects and in patients suf- 
fering from various degrees of hemorrhage, skeletal trauma, abdominal injuries, 
head injuries, or burns.?° In fifty-one normal male subjects the mean disap- 
pearance rate (expressed as per cent fall in dve concentration during the first 
hour after injection) was slightly over 5 per cent; the values ranged from 3 
to 11 per cent per hour. The mean value for twenty-four patients in shock 
from hemorrhage or skeletal trauma was 8 per cent. In thirty-five patients with 
similar injuries but without symptoms of shock, the average disappearance rate 
was 8.4 per cent. In burns the dye escaped more rapidly, the average from 
six patients being about 15 per cent, with some values as high as 25 per eent. 
A similar inerease in the disappearance rate was also found in certain eases 
of abdominal injuries. The average mixing time on normal subjects was nine 
minutes; in patients in shock, about fifteen minutes; after emergence from 
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shock, seven minutes. In patients with similar types of injuries but not in 
shock, the average mixing time was also about seven minutes. 

These observations show clearly that there is little change in disappearance 
‘ate of dye with the appearance of symptoms o7 shock. A significant increase 
in the rate of escape of dye occurs only in patients in whom extensive areas 
of the capillary bed have been injured (for example, burns). Although in 
severe cases of shock there is some increase in the mixing time, it can by no 
means be claimed that mixing fails to oceur. These data therefore refute the 
view that the dye method is unreliable for measuring plasma volume in shock. 
The conclusion that the dye method is reliable ih this condition has also been 
reached by Evans and associates*® from the examination of dye curves obtained 
on patients suffering from various degrees of shock. 

Systematic analysis of the dye curves also demonstrated that a reliable 
determination of plasma volume can, as a rule, be made from the dye content 
of a single sample drawn ten minutes after the dye injection.2® Comparison 
of the plasma volume caleulated from the ten-minute sample with the more 
accurate results obtained by extrapolation of the disappearance curve to the 
time of injection showed only minor differences. Nearly all values calculated 
from the ten-minute sample fell between —2 and +4 per cent of the true plasma 
volume. It may be noted that any error arising from incomplete mixing tends 
to counterbalance the error introduced by disregarding the loss of dye during 
the mixing period.*° 

The simplified technique of measuring plasma volume from a single dye- 
tinged sample drawn at ten minutes must, of course, be used with discretion. 
Our data demonstrate that it is a valid procedure in normal subjects and in 
patients who have suffered severe injury from hemorrhage, trauma, burns, ete. 
Adequate data have not so far been obtained to permit general application of 
the technique to other types of circulatory failure (for example, cardiac failure) 
in which mixing may be greatly prolonged. 

Estimation of Total Blood Volume from the Plasma Volume and Hemato- 
crit—The question here is whether or not the total blood volume as calculated 
from the formula shone — wt x 100 corresponds to the true blood vol- 

100—hematocrit % 
ume. This depends upon (a) the accuracy of the determination of the relative 
erythrocyte volume and (b) whether or not the sample selected for this pur- 
pose is truly representative of all the blood in the circulation. 





(a) Comparison of the hematocrit method with other means of estimating 
the relative erythrocyte volume has shown that the former gives a value which 
is 3 to 4 per cent too high,* the reason being that a small fraction of the plasma 
remains trapped in the cell mass during centrifugation.?*** Strictly speaking, 
a correction factor of 0.96 should therefore be applied to the hematocrit value 
as determined by centrifugation, or, if determined with the copper sulfate 
method, the figure used for specific gravity of the cells should be 1.1036 rather 
than 1.0971. However, for practical purposes this refinement is unnecessary, 
for in most cases the disturbance in blood volume must be gauged by eompari- 


*Chapin and Ross* find the difference to be about 8 per cent. Recently I again com- 
pared values obtained with T-1824 with those determined by centrifugation. In these experi- 
ments the difference in results with the two methods was again 3 to 4 per cent. 











GREGERSEN : DETERMINING BLOOD VOLUME WITH DYE T-1824 1279 


son with an assumed normal value derived from data which, in general, have 
not been corrected for the systematic error inherent in the hematocrit determina- 
tion. Furthermore, the error is insignificant in comparison with the range of 
normal variations (see Fig. 7). 

(b) The concentration of erythrocytes in the blood coursing through the 
large veins and arteries from which samples are customarily drawn is not neces- 
sarily the same as that in all parts of the vascular bed. In the spleen, for 
example, the per cent cells is higher,** whereas in the capillaries and small 
vessels the ratio of cells to plasma is considerably lower than that given by 
the central venous or arterial hematocrit.*°°* To what extent does this in- 
validate the calculation of total cireulating red cell volume and tota! blood 
volume? 

Measurements of blood volume with the carbon monoxide method by Smith 
and co-workers*® *° and more recent observations with the radioactive iron 
method" have indicated that the central venous hematocrit is considerably higher 
than the body hematocrit (eine = red oe vee ) That 

total plasma volume + total red cell volume 
is to say, the total red cell volume calculated from plasma volume and the cen- 





tral hematocrit appears to be falsely high. Bazett and associates, however, 
found only slight differences in the total blood volumes determined with carbon 
monoxide and dye (congo red). Expressed as percentages of the real blood 
volumes (taken to be the sums of plasma and cells as separately determined), 
the average value obtained with the dye method was 103 per cent, and with 
the carbon monoxide, 96 per cent. 

During the past vear Roughton, Root, and the writer have re-investigated 
this question,’® employing improved methods for determination of carbon mon- 
oxide. In simultaneous measurements with the dye method (T-1824) and with 
earbon monoxide (inhalation of carbon monoxide or injection of blood satur- 
ated with carbon monoxide), the agreement is quite satisfactory. Expressed 
as per cent of the true volume (plasma volume determined with T-1824 plus 
red cell volume determined with carbon monoxide), the total blood volume 
caleulated from plasma volume and the relative erythrocyte volume (centrifuge 
hematoerit x 0.96) was as follows: 


AVERAGE 
Normal male subjects 101 
Normal dogs 99 
Normal splenectomized dogs 103 
Dogs in shock after muscle trauma 102 
Dogs in shock after hemorrhage 97 


It is clear from these observations that the total blood volume may be 
satisfactorily estimated from the plasma volume and the hematocrit not only 
under normal conditions, but also in conditions of shock. This has been in- 
directly confirmed by plasma volume studies on patients in shock.*® In cases 
where bleeding had been stopped, the total red cell volume determined from 
the plasma volume and the hematocrit at the time of admission, plus the amount 
of cells given in transfusion, agreed closely with the total cell volume determined 
subsequently after the patient had emerged from shock. 
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Fig. 5.—Chart for obtaining the plasma volume directly from the Decade Photometer 
reading (optical density of the ten-minute plasma sample read against the control plasma 
drawn just before the dye injection) when using the standard ampule of T-1824. 

Fig. 6.—The relation of total plasma volume to body weight. The chart has been con- 
structed from the average normal plasma volume per unit body weight (45 c.c./kg.). The 
broken lines indicate the range of nermal variations. 
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Fig. 7.—The relation of total blood volume to body weight. As in Fig. 6, the graph has 
been constructed from the average normal blood volume per unit body weight. After hemor- 
rhage or trauma there is danger of shock if the blood volume is ‘permitted to remain at 30 
per cent below the normal level (shaded area). It will be seen that given this degree of re- 
duction in volume, 2 or more liters of blood will be required to restore the blood volume to 
normal in a patient of average size. 

-Indicating approximately the normal amounts of total circulating hemoglobin, 


Fi 
total male “a volume, 


and total circulating plasma protein in relation to weight. 
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The foregoing facts must not be misconstrued. They do not disprove that 
the cell to plasma ratio is less in the capillaries than in the larger vessels. How- 
ever, the extent to which such unequal distribution of red cells affeets the estima- 
tion of total blood volume obviously depends on the fraction of the total blood 
present in the capillaries and small vessels. The blood held in this region of the 
vascular bed is estimated to be only 10 to 15 per cent of the total,’? and this is 
in agreement with the amount of plasma that appears to be involved in the slower 
phases of mixing.?! 


E. NORMAL BLOOD VOLUME IN MAN 


Figs. 6 and 7 show the general relation of plasma volume and total blood 
volume to body weight. The charts were constructed by applying the average 
values obtained from measurements on normal young men to the entire range 
of body weights shown on the abscissa. The chart is therefore an approxima- 
tion, but greater refinement does not seem justifiable until large series of 
measurements made with the same technique become available. Fig. 8 shows the 
relation of total circulating hemoglobin, red cell volume, and plasma protein to 
body weight; it has been constructed from the preceding blood volume charts 
and from average normal values for hemoglobin, per cent erythrocytes, and 
grams per cent plasma protein. Body weight rather than surface area has been 
chosen for the abscissae in Figs, 6, 7, and 8 for simplicity in utilizing the charts. 
As a matter of fact, the correlation of blood volume with body weight appears 
to be as satisfactory as with surface area. In emergencies where a patient 
cannot be weighed, his own report or an estimate of body weight by an ex- 
perienced person may be quite satisfactory for purposes of determining the 
amount of blood or blood substitute required to bring the patient out of the 
danger zone. 

DISCUSSION 

In spite of the fact that reduction in blood volume has long been regarded 
as the primary cause of shock, with rare exception this measurement has been 
omitted from all but recent investigations of the problem. The general con- 
cepts of shock developed after World War I retarded the application of the 
dye method to this condition. It was believed that shock was accompanied 
by general increased capillary leakage of plasma, and hence, as pointed out 
above, it was thought that rapid escape of dye from the cireulation would in- 
validate the results. However, the evidence obtained in this laboratory during 
the past three years'® ** shows that the reduction in blood volume is fully ae- 
counted for without assuming that there is a generalized leakage of plasma from 
the cireulation. Indeed, fluid is aci:ally absorbed by the blood stream in the 
uninjured regions, and to a considerable extent this serves to compensate for 
the loeal loss of blood and fluid at the site of injury. It may be added that 
this is entirely in accord with the common finding that patients in shock after 
either hemorrhage or skeletal trauma show a tendeney toward hemodilution 
rather than hemoconeentration.?”> The latter was observed only in patients who 
had suffered from exposure and dehydration subsequent to the injury or in 
patients where the injury involved a large area of the capillary bed (for ex- 
ample, burns, abdominal injuries with peritonitis). Although the disappearance 
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rate of dve may be considerably increased in cases of burns, the plasma volume 
‘an nevertheless be measured accurately by employing the extrapolation method 
which corrects for the dye lost during the mixing period. Even if the increased 
dye loss is disregarded and the volume is determined from a single dye-tinged 
sample taken at ten minutes after the injection, the error in measurement is 
only 3 to 4 per cent. 

The radical changes in distribution and flow of blood in severe shock re- 
quire that careful consideration always be given to the matter of obtaining a 
‘‘fair’’ sample of the cireulating blood. Peripheral vasoconstriction in shock 
ordinarily precludes the use of superficial veins, and the samples must therefore 
be drawn from deeper veins or preferably from an artery. Failure to observe 
this precaution has probably been one of the principal reasons why some in- 
vestigators have been unable to obtain consistent results with the dve method. 
The precaution of course applies equally to other methods of determining blood 
volume. 

The potential value of blood volume determinations in the diagnosis, prog- 
nosis, and treatment of shock has been greatly enhanced by recent experimental 
studies on animals'® as well as by studies on human eases of shock.** *°> The 
results of these investigations fully confirm the general conclusions reached by 
Keith** and Robertson and Bock*? from their studies on wounded men during 
World War I. In eases of hemorrhage and skeletal trauma, the train of events 
leading to shock is initiated by a large reduction in blood volume.'® 4° In both 
dog and man an acute reduction of 30 to 40 per cent in the circulating blood 
volume is followed within one or two hours by the appearance of characteristic 
symptoms of shock. For practical purposes of therapy, it may therefore be 
concluded that a patient showing the clinical picture of severe shock after 
hemorrhage or skeletal trauma has lost about two quarts of blood. 

Since the reduction in blood volume precedes the appearance of the symp- 
toms of shock, it constitutes a valuable prodromal sign, and early determination 
of blood volume may therefore be most useful as a means of predicting whether 
or not shock is impending. With this information available, shock can be com- 
batted before it develops. Furthermore, one can estimate the minimum amount 
of blood or blood substitute necessary to bring a patient out of danger of shock 
from reduced blood volume (see Fig. 7). It is obvious that this may be a 
matter of critical importance where only a limited supply of blood or blood 
substitute happens to be available for a large number of casualties. 

Ideally, intravenous therapy should achieve restoration of the normal vol- 
ume as well as the normal composition of the blood. For lack of better criteria 
the doctor often depends upon hematocrit and plasma protein measurements as 
indexes of whether or not adequate amounts of blood or plasma have been given. 
These data may be misleading, however, expecially in cases where variable 
amounts of cells and plasma proteins are being continuously lost from the eir- 
eulation (undisclosed slow hemorrhage, burns, abdominal wounds, peritonitis). 
The danger lies not only in failure to maintain an adequate blood volume, but 
also in the excessive use of plasma, etc., and thereby running the risk of in- 
ducing heart failure or pulmonary edema. In these cases, a determination of 
the blood volume provides a reliable guide to therapy. 
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Great emphasis has been placed on the role of diminished blood volume in 
causing shock. One must not, however, lose sight of the fact that failure of the 
circulation may occur without any essential change in the amount of circulating 
blood. This may be the case in head injuries,?* 2° in bleeding into the peri- 
eardium (cardiac tamponade), myocardial failure, and in toxemias similar to 
histamine shock.*® In such eases a determination of blood volume is an aid in 
the differential diagnosis and shows whether or not transfusion should be 
included in the treatment. 

Another important use for blood volume determinations has appeared in 
the study of convalescent patients and those with chronie wound infections.*’ 
In these patients, who usually undergo extensive loss in body weight over a 
period of weeks or months, the deficiency in blood volume should probably be 
evaluated in terms of the individual’s normal body weight: On this basis, 
the reduction in volume may be of the order of 60 to 70 per cent.** Neverthe- 
less, the hematocrit value and the plasma protein concentration may remain 
essentially normal and give no indication of the large deficiency in blood volume. 

Finally, it is well to note that the present emergeney provides an un- 
paralleled oppertunity for determining normal standards of blood volume on 
comparable groups of men living under a great variety of environmental con- 
ditions. Indeed, such normal standards are essential for the correct interpreta- 
tion of blood volume on casualties in the various theaters of war. A broad study 
of blood volume in men exposed to artic, desert, and tropical environments 
should also be undertaken with the aim of determining the blood volume levels 
required for maximal physiologic efficiency. 

The technique deseribed has been successfully employed for some months 
by Major Champ Lyons, Major John Stewart, and Captain Octa Leigh, who 
undertook to make practical tests of the method in the European theater of 
operations. 

SUMMARY 


A practical method of determining plasma volume and total blood volume, 
designed for use by the Armed Forces, is described. The method is based upon 
measurement of plasma volume with the dye T-1824. The total blood volume 
is then ealeulated from the plasma volume and the hematocrit. All of the 
equipment is portable. 

Simplification of the technique is dependent on (a) the use of the new 
Decade Photometer recently designed for this purpose by Nickerson ;?° (b) the 
demonstration from analysis of a large series of time-concentration curves of 
T-1824 that a single dye-tinged sample taken at ten minutes after injection 
of dye is adequate for a reliagle determination of the plasma volume; (¢) the 
use of a standard amount of dye for the determinations with the result that the 
plasma volume is obtained directly from the photometer reading; (d) the use 
of the copper sulfate-specifie gravity method of Phillips and co-workers?’ in- 
stead of a centrifuge for the determination of the relative erythrocyte volume 
(hematocrit). 

The precautions which are necessary for successful use of the present method 
and also various theoretical considerations pertaining to the measurement of 
blood volume are discussed in some detail. 
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Some of the practical applications of blood volume determinations to the 
problems of shock, burns, convalescence, physiologic efficiency, ete., are men- 
tioned briefly. 

APPENDIX 

Calculation of Plasma Volume.—The plasma volume is calculated from 

V, = C, x V., where 


the relation C, 


C, = coneentration of dye solution injected 

V, = ce. of dye injected 

C, = concentration of dye in plasma obtained ten minutes after the injec- 

tion 

V., = plasma volume. 

Since the concentration of dye is directly proportional to the optical density, 
the equation may be written (D, x 500) V, = D, x V, in which 

D, = the density of the standard dye solution diluted 1:500 in plasma, and 

1), = the density of dye in the circulating plasma after uniform mixing 
(ten minutes). Hence, plasma volume in ¢.¢. = D, > a x Vy 


The concentration «i dye in the standard ampule (0.46 per cent) has been 
adjusted to give a value for D, of 0.8 when using 10 mm. absorption cells. 
Since V, is also a constant (5 ¢.¢.) and D, is read directly on the photometer 
0.8 x 500 x 5 . 2.000 

——— or simply 

D, ’ 


A wide range of plasma volumes (1,150 to 6,500) can be determined with- 


Plasma volume in ¢.c, = — aia 
Photometer reading 


out any change in the procedure outlined. If, however, the photometer read- 
ing exceeds 1.79 (plasma volume less than 1,150), read the sample in 5 mm. 
depth instead of 10, multiply the reading by 2, and proceed as before in eal- 
culating the plasma volume. If the reading approaches 0.3 (plasma volume 
greater than 6,500), read the sample in 15 mm. depth and divide the value by 
1.5. In this manner the range may be extended to include plasma volumes from 
600 ¢.c. up to 10,000 without altering the amount of dye injected (see Fig. 5). 

The dose of T-1824 in the standard 5 ¢.e. ampule is adjusted for deter- 
minations on adults. Unless given several times within a period of a few hours, 
this amount (approximately 23 mg.) will not cause visible staining of the 
subject. For routine determinations on small subjects or on children it is 
advisable to reduce the dose. This may be done without sacrificing accuracy 
by reducing the concentration of the dye solution rather than the volume in- 
jected. 

Standardizing the Dye.—Use only pipettes and flasks that have been eare- 
fully calibrated. 

A. 1:50 dilution of standard dye solution in: distilled water. Deliver 
exactly 1 ¢.c. of dye from the standard ampule (0.46 per cent) into a 50 e.e. 
volumetric flask and make up to volume with distilied water. 

B. 1:500 dilution of dye in plasma. Mix 0.2 ee. of A with 1.8 ee. of 
clear plasma or serum. 

C. Control. Mix 0.2 ¢.¢. of distilled water with 1.8 ¢.c. of the same plasma 
used in preparing B. 

Read B against A in the Decade Photometer, using 10 mm. absorption cells. 
The value obtained is D, in the equation given. 
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SUITABILITY OF SERUM FROM RECALCIFIED HUMAN PLASMA 
FOR SOME SERODIAGNOSTIC TESTS FOR SYPHILIS 


Captain Robert D. BARNARD 
MepicaL Corps, ARMY OF THE UNITED STATES 


WITH THE COLLABORATION OF 
MaJor CHARLES R. REIN 
MepicaL Corps, ARMY OF THE UNITED STATES 

HE suitability of human plasma for the serologic tests for syphilis has 

received only desultory attention. Serum has, in the past, been almost 
universally used for all forms of these tests, except for those based on con- 
glutination. With the introduction of large scale plasma banks, it became the 
practice, when the accompanying pilot sample of serum was lost, to use a small 
portion of the plasma unit instead. While Laughlen mentions the suitability 
of plasma for his ‘‘agglutination’’ test! and others have employed oxalated 
and fluorided plasma when these only were available,? no extensive study of 
the validity of this departure has appeared. Certain objections to it, however, 
might be raised: (1) the anticomplementary activity of citrate® (evineed only 
when complement fixation is to be attempted), (2) the flocculation of antigen 
which increases with citrate concentration,t and (3) the turbidity of plasma 
which contrasts with the relative clarity of its corresponding serum. Plasma 
is clarified with difficulty even when prolonged centrifugation is done, and 
flocculation may be obscured by the presence in the field of amorphous, stably 
suspended material. In addition to these practical objections to the use of 
plasma for serodiagnostie tests, the presence of fibrinogen is an uncontrolled 
factor in the regulation of flocculation. The procedures have been adjusted 
so as to provide optimum conditions when serum is used. For the last reason 
many investigators have attempted the recalcification of plasma to remove the 
fibrinogen. Such recalcification, however, raises the calcium level of the serum 
sample to a concentration far above that obtained physiologically. The ma- 
terial must also be heated or alternately frozen and thawed to initiate the 
precipitation of fibrin. If the final concentration of calcium is less than five 
times the normal physiologic amount, fibrin formation is incomplete and takes 
the form of a gelatinization from which the subsequent separation of serum is 
diffieult. 


This work was prosecuted for the most part in the Division of Medical Research, the De- 
partment of Medicine, Ohio S‘ate University, Columbus, Ohio. 
Received for publication, Sept. 20, 1944. 
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It was found that reealeified citrated plasma, made by adding a soluble 
ealeium salt (ealeium chloride) to plasma and alternately freezing and thaw- 
ing it after a preliminary incubation period of from twelve to twenty-four 
hours, could be used for serologic testing with what appeared to be consistent 
results on both positively and negatively reacting serums (Table I). The 
method, however, had other objections in addition to its laboriousness. There 
was an extreme variability in the amount of calcium chloride solution required 
to effect fibrin formation. This observation was not a new one on our part; 
in the prothrombin time evaluation methods, it is customary to add various 
amounts of calcium salt through a range sufficient to give a final concentration 
of from 40 to 125 me. per 100 ¢.e. In fact, the difficulty of causing clot forma- 
tion in well-clarified plasma by any concentration of calcium whatever in the 
absence of thromboplastie substances forms the basis of the conglutination 


tests. The eoneentration of soluble ealeium salt necessary for the conversion 


TABLE I 
COMPARATIVE SEROLOGIC RESULTS ON SERUM AND RECALCIFIED* PLASMA 


CASE SAMPLI KD KI B-J-L M KN KO 


0. L. St Pos, Pos. 

RCCP } } 4 4 3.4 4 AC 
Jr. S Pos. Pos. 

RCCP } } } 4 O03 3 4 
M.R. Ss Pos. Pos. 

RCCP | { 4 4 444 4 
COV. S Pos. Pos. 

RCCP } } } } 444 4 
M. V. S + is 000 as 

RCCP + _ _ 000 - 
a. B. J. S h - 000 aS 

RCCP 000 a 
Wiens. Ss + + + ss 000 _ 

RCCP + + + = 000 - 
ee ig Ss Pos. Neg. 

RCCP l { 2 3 2 
M. R. S ] Ta 1 + AC 

RCCP x4 } 2 3 $44 4 
A.B. Ss Pos. Neg. 

RCCP 2 1 4 O11 aM 
H. P. S Pos. ; Pos. 

RCCP j | j } $4 4 4 
(Oe et S Pos. Pos. 

RCCP } } 4 4 $44 3 


*CaCle added, 0.9 mg. per cubic centimeter of plasma which was then alternately frozen 
and thawed. The minimal concentration of CaCl. in buffered saline found to cause flocculation 
of the KD antizen was 0.15 per cent. 

71. Materials subjected to serologic testing (samples): 

S, Serum obtained from spontaneously clotted blood. 
SRCP, Serum obtained from recalcified (CaHPO,) citrated plasma. 
SRGP. Serum obtained from recalcified glycerophosphated plasma. 


CP, Citrated plasma. 
GP, Glycerophosphated plasma. 
FP, Fluorided plasma. 
REP, Recalcified fluorided plasma (no clot obtained). 
RSP, Recalcified saccharined plasma (no clot obtained). 
RCP, Recalcified (with Cas(PO;)2) citrated plasma (incomplete clotting). 
RCCP, CaClh recalcified plasma 
2. Degree of positivity: 


a, Atypical positive reaction. 
sh, Slightly heavy negative (minimal flocculation). 
h, Heavy. negative. 
-, negative reaction. 
1, 2, 3, 4, degrees of positivity; 4, 8, 16, unitage of complete positivity. 
Pos., neg., doubtful, So reported by independent testing laboratory. 
. 0, Negative. 
AC, anticomplementary. 

3. Type of test employed: 


KE, Kline exclusion KN, Kahn (three-tube standard). 
KD, Kline diagnostic M, Mazzini. 
B-J-L, Boerner-Jones-Lukens KO, Kolmer complement fixation. 





Oni en 
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of all samples of plasma to serum may interfere with certain floceulation tests 
either by an artificial flocculation of the antigen (thus giving rise to false 
positive reacticns) or by peptization and dispersion of the antigen-reagin floe- 
ecules (false negative reactions). 

For these reasons, attempts were made to develop a recalcification proce- 
dure which would not involve an inordinate rise in the resulting serum ealeium 
concentration. The accelerating effect of foreign particulate matter on coagu- 
lation was found to be especially pronounced when this matter was in the form 
of relatively insoluble calcium salts. A method was devised, therefore, which 
is based on the use of relatively insoluble calcium salts for the rapid reeal- 
cification of plasma. 

The experimental study of the method was restricted to trial of those 
weakly soluble calcium salts, the anions of which were present physiologically. 
Secondary caleium phosphate (diealeium phosphate), hydrated calcium sulfate 
(gypsum), calcium carbonate (chalk), tertiary calcium phosphate, and calcium 
magnesium inositol hexa-phosphate (phytin), when added to citrated plasma 
in excess of their solubility, caused fibrin formation. The salts are listed in 
the order of their activity. Adult beef bone meal did not induce coagulation. 

Only the first and third salts induced sufficiently rapid coagulation for 
the purpose at hand. Caleium carbonate is somewhat more satisfactory for 
the conversion of oxalated plasma to serum, but the occasion for this con- 
version seldom arises. For conversion of citrated plasma, secondary caleium 
phosphate is the calcifier of choice. The efficacy of a particularly weak eal- 
cium salt in producing coagulation of citrated plasma is not in proportion to 
its solubility. Thus, gypsum and chalk are much more soluble than secondary 
‘aleium phosphate, yet the last is the most efficient caleifier we have been 
able to find. The dissolved calcium fraction from any of the salts used does 
not approach that concentration found necessary when coagulation is initiated 
by the addition of calcium chloride. These facts are in keeping with the 
theories of Ferguson,° who was inclined to discount any intrinsic role of the 
caleium ion in the coagulation process. 

Among all the calcium salts studied in this connection, dicaleium phos- 
phate is unique in that its use is frequently followed by complete clot retrac- 
tion in a time sequence and manner which appears to parallel that of the 
normal process. 

We have investigated the validity of the ordinary serologie tests for 
syphilis when the latter are conducted on such artificially produced serum and 
its antecedent plasma. The study indicates that this expedient may actually 
be a more desirable routine than the now practiced one of performing serologic 
tests on unmodified serum, for when citrated blood is collected for these tests, 
there are certain advantages. Among these may be cited the greater resistance 
to hemolysis of citrated blood specimens, the ease of separating the cells with- 
out centrifugation soon after collection, the elimination of many doubtful 
reactions, and the greater retention of reagin titer on storage of citrated plasma. 


EXPERIMENTAL 


1. Collection of Samples for Serologic Study.—-The smaller samples of blood 
were obtained by venipuncture with a 20 ¢.c. glass syringe and 20 ealiber needle. 
The blood was withdrawn rapidly and 10 ¢.c. were immediately transferred to a 
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test tube containing 1 ¢.c. of 2.5 per cent sodium citrate. (In certain cases, 3.8 
per cent citrate was used.) The second 10 ¢.c. portion of blood was similarly 
emptied into another tube containing 1 ¢.c. of 0.9 per cent sodium chloride. 
Thus, the citrated plasma and serum samples were of equal dilution with regard 
to the reagin and initial caleium concentrations. Larger plasma samples of 
approximately the same citrate concentration (500 ¢.ec. of blood plus 50 ¢.c, of 
2.5 per cent sodium citrate) were obtained.* This plasma was discarded from 
blood banks either because of seropositivity (whether connoting syphilis or not) 
or beeause of hemolysis or lipemia. Occasional samples of glyeerophosphated, 
fluorided, and saccharinized plasma were also collected. 

2. Recalcification With CaHPO,2H,0.—Kither citrated or glycerophos- 
phated whole blood or plasma was converted to serum by adding 0.2 Gm. of 
secondary ealeium phosphate to each 10 ¢.c. of the liquid. The process appeared 
to take no longer than does physiologic coagulation. Where plasma was the 
material used, the sequence of this induced coagulation was followed. It could 
be divided into four or more less distinct phases : 

First phase. The secondary calcium phosphate particles were suspended 
discretely on agitation or inversion. 

Second phase. After from seven to twelve minutes, the powdered secondary 
ealeium phosphate had been aggregated into a button which, when broken up by 
vigorous agitation, showed many coalescent coarse particles. 

Third phase. In about ten to twenty minutes after the addition of the 
secondary calcium phosphate, filar fibrin strands made their appearance in the 
body of the liquid. Following this preliminary appearance of the filar fibrin, 
the liquid became viscous and gelatinized throughout. 

Fourth phase. The jell retracted from the sides and bottom of the test tube, 
either completely in the ease of fresh plasma or partially in the ease of old 
plasma. In old plasma, there had already been considerable precipitation of 
filar fibrin without the addition of calcium, and the relative absence of clot 
retraction in aged plasma indicates that the filar form of fibrin is probably that 
concerned with retraction. But even in month-old plasma there was usually 
sufficient retraction after recalcification so that the clot floated in the mother 
liquid. The fourth phase of coagulation of recaleified plasma was absent if some 
other calcium salt was substituted for the secondary phosphate. 

3. Transportation of Specimens.—Samples for serologic testing were most 
frequently collected at a place remote from the laboratory where the serologic 
testing was done. A large proportion of these samples were sent through the 
mail or in some other manner so that there was considerable delay before the 
tests were done. The receipt of specimens unsuitable for serologie testing by 
laboratories located in the same city where the specimen had been collected was 
so frequent an occurrence as to constitute a definite economic waste. Specimens 
became unsuitable during the period which elapsed after the collection because 
of (A) hemolysis, which prevented reading of flocculation or complement fixa- 
tion; (B) bacterial contamination, which induced anticomplementary reactions 
and, through turbidity, obscured the reading of flocculation; and (C) loss of 
reagin titer. This had been indicated fer the pseudoseropositivity following 


*From Eli Lilly and Co. 
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vaccinia,” and we have observed it in a number of instances in syphilitic sero- 
positive samples, in the latter instanee accompanied by the formation of a pre- 
cipitate (autofloceulation 

A. IHemolysis: Where a lone delay between collection and testing was an- 
ticipated, the effect of hemolysis was usually cireumvented by removing the 
serum from the clot and forwarding the former to the testing laboratory. If a 
centrifuge was not available, we waited for several hours until retraction had 
occurred, Even then, due to the irregularity of the clot, serum recovery was low. 
Good plasma recovery, however, was possible within fifteen minutes of collection 
and eitratization as in the procedure just deseribed. Sedimentation of erythro- 
evtes from .25 per cent citrated plasma was rapid without the necessity of any 
centrifugation, and the supernatant plasma was transferred to another tube by 
means of a medicine dropper. Ilowever, such a separation was not necessary, 
for it has been observed that in citrated blood overt hemolysis does not occur for 
days after collection and, when it does appear, is not nearly so marked as in a 
corresponding sample of whole clotted blood. When comparative samples were 
shipped together from the Midwest to the East, the ecletted blood not infre- 
quently was grossly hemolyzed; the citrated blood rarely showed any hemolysis 
whatsoever. 

B. Bacterial contanination: Baeterial contamination was limited by the 
addition of a small amount of merthiolate, sulfonamide, or suecinimide, none of 
which appeared to interfere with the conduet of the serologie tests. Aside from 
a few experiments on fluorided specimens (later abandoned because of the im- 
possibility of securing good clots on reealeifieation), nothing was done on the 
problem of spoilage through bacterial aetion. It was noticed, however, that 
where comparative samples of citrated plasma and serum were mailed simul- 
taneously, the bacterial spoilage apparent on arrival at the point of testing was 
much less in the ease of plasma than in that of serum, even though no special 
precautions were taken to protect either type of sample. 

C. Loss of Reagin Titer: In time the nature of the loss of titer of seroposi- 
tive samples will be the subjeet of a report. The loss of titer was not evidenced, 
at least to the same degree, in citrated plasma as in serum. It is believed that 
the loss of titer of seropositive serum begins at the moment of coagulation and 
is due to an ‘‘auto-antigen’’ action, whereby the reagin is floeculated from solu- 
tion prior to the conduet of the test. This autofloceulation apparently does not 
oceur in specimens In which coagulation has not taken place, nor, for some reason 
not clearly understood, does it occur in the specimens reealcified as described. 
Whatever the theoretic connotations of the last, its practical importance lies in 
the fact that reealcified citrated specimens are greatly superior in this respect 
also to serum specimens, because the former, at least in the case of true syphilitic 
reactions, seem to have a higher titer. 


SEROLOGIC TESTING OF SPECIMENS 


The results of serologic testing of serum, citrated plasma, and recaleified 
specimens reported in this paper are derived from two sources: 


1. In the case of plasma from whole blood units, the report on the aecom- 
panying pilot specimen of serum was obtained from the processing center; this 
report was given as 


‘ 


‘positive’’ or ‘‘negative’’ without quantitative connotation 
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or intermediate degree. It was learned that the positiv¢ designation implied, 


on the basis of the three-tube Kahn technique, any reactidn exceeding the arbi- 


trary 2 plus; anything less was termed negative. 


W here 


' dubious or doubtful 


Kahn reaction had been eneountered, the results of the Miizzini test (whieh had 


been run as a preliminary presumptive test to screen out 


those units to be sub- 


jected to further study) were available in terms of degree of positivity. The 


Mazzini test used as a sereen procedure by the processing 
more sensitive than the Mazzini employed in the hattery,| later described, for a 





‘enter Was apparently 


3 plus report in the former instance usually corresponded to between a 1 plus 


and 2 plus for the latter. 
| 


TABLE II 


| 


: ; | , 
COMPARATIVE SEROLOGIC RESULTS ON SERUM OBTAINED FROM SPONPANEOUSLY CLOTTED BLoop 
AND FROM PLASMA TREATED WITH CALCIUM ProgPH \TI 


CASE SAMPLI KD 
~ DD. St ; 
SRCP 
oe. Mas SRCP - 
Ss 
AP. SCRP = 
Ss 
GD; SCRP fe 
Ss : 
M.R. SCRP = 
Ss 
E. H. SCRP 
Ss Pa 
D.R. SCRP 1 
s l 
R. H. SCRP sh 
Ss sh 
D.C. SCRP sh 
Ss sh 
b. dh. SCRP = 
M. T. SCRP 32 
Ss 32 
iG. P- SCRP 16 
S ‘ 
HH. V.. i. SCRP & 
Ss § 
RCECP 16 
i, W. S 4 
SCRP l 
B. Bo. S ; 
GP + 
SRCP + 
Ath. Ss 4 
FP 4 
REP 4 
R. Ga Ss = 
FP 
REP h 
R. Co Ss 
SRCP ies 
RFP 4 
RSP 2, 3a 
44h SRCP 1,2 
Ss l 


KI 


sh 


sh 
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ee | 


ously clotted blood specimens before and 
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B-J-1 
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The latter showed no significant serologic titer alteration 
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question of the validity of the calcium concentration determinations 
high inorganic phosphate content of these serums) is 
should be construed to have order of magnitude significance only. 


+See footnote to Table I for key. 


under 


study. 
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*Not tabulated are comparative serologic results obtained from the serums of spontane- 
secondary calcium phosphate. 
from those exhibited by SRCP. The 
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2. The serologic testing, other than that of the pilot serum specimens accom- 
panying the blood units, was done at the Army Medical School, Division of 
Serology, where all specimens were subjected to a battery of tests made up of 
the Kline diagnostie and exclusion tests, the Mazzini, the Boerner-Jones-Lukens, 
and Kahn flocculation tests, and the Kolmer complement fixation test. Those 
specimens which were 4+ plus on any of these tests were subjected to a quantita- 
tive procedure performed by successive dilutions of the serum or plasma; the 
determined reagin titer was expressed in units. Every attempt was made to 
secure approximate quantitative gradations in those specimens which showed 
less than a 4 plus degree of positivity. In this manner, good appraisal of sero- 
logic titer differences between plasma, serum, and recaleified plasma was ob- 
tained. These differences are shown in Table IT and apparently do not. offset 
the validity of the tests as performed on plasma or reealeified plasma. 

RESULTS 

In comparative serologic terms, results of tests performed on serum, citrated 
plasma, and reealeified citrated plasma, whether the latter was prepared by the 
addition of calcium chloride (Table 1) or secondary caleium phosphate (Table 
IT), indicate that from a practical standpoint all of these materials are suitable 
for serologie testing. In the few instances of undoubtedly false biologic reac- 
tions, these likewise were apparent in the citrated plasma and reealeified plasma, 
though it is noteworthy that their titer was not increased by calcification, as 
appeared to be the case in the true syphilitic specimens. The numbers of such 
instances are as vet too few to permit any general conclusions to be drawn of the 
significance of this finding or to justify its use as the basis of a verifieation 
procedure, 

Determinations of calcium concentration made on reealeified citrated plasma 
showed that clotting may be induced without an inordinate rise in caleium 
content. 


CONCLUSIONS 


The collection of citrated blood samples for serologic testing for syphilis 
offers distinet advantages since citrated blood has better keeping qualities than 
whole clotted blood. 

A procedure for the conversion of citrated whole blood or plasma to serum 
hased on the specifie clot-indueing properties of secondary calcium phosphate 
is deseribed. 

Serologic tests for syphilis conducted on citrated plasma or reealcified 


citrated plasma have the same validity as those dene on serum, 
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THE APPLICATION OF A PROCESSED GLUE AS A SUBSTITUTE FOR 
GLASS COVERSLIPS IN HISTOLOGIC TECTNIQUE® 


Mapuremra Pars, M.D. 


Rio DE JANEIRO, BRAZIL 


N TILE Past several unsuccessful attempts have been made to discover an 

economical substitute for the glass coverslips used in mounting histologle 
specimens. Edinger,’ in 1913, proposed the use of a glycerinated gelatin which, 
after application, was hardened with formol. This method, however, could 
not be employed in the presence of water-soluble aniline dves, since the water 
used to dissolve the eelatin likewise dissolved the dves, Lentze. in 1930, and 
Bucholtz’ in 1940, proposed the use of cellophane for covering specimens 
mounted in balsam. Ilowever, they both recognized that the method was im- 
practical because of various teehnieal disficulties. Suntzeff and Smith,* in 1940, 
suggested the use of a special transparent plastic, a cellulose acetate called 
Plastacele, which is not affeeted by water or by fat solvents. Although the 
instructions for using this substitute were carefully followed, we observed, 
as was previously noted by others, that a considerable number of specimens 
were unsatisfactory for NUEroscople examination beeause of wrinkles at the 
edges and undulations in the center of the preparations. Likewise, in the 
course of time the specimens frequently became separated from the mountings 
and often became discolored after four or five months. 

As a result of wartime conditions, glass coverslips have become searce and 
expensive. Since Plastacele was found to be unsatisfactory, other materials 
were investigated, and one satisfactory substitute has been found. It consists 
of carpenter’s glue subjected to a clearing and hardening process. The prep- 
aration and physieal properties of the substance, which we have ealled ‘‘micro- 
mounting glue,’’ as well as the method devised for its use, are described here. 

PREPARATION OF MICROMOUNTING GLUE 

Material—(a) Commercial earpenter’s glue, (b) potassium acetate (pure 
erystals), (¢) egg white, (d) M/5 solution of potassium acid phosphate (pre- 
pared by dissolving 27.23 Gm. of KH.PO, in 1,000 ¢.c. of double-distilled 
water). 

Procedure.—(a) Thirty grams of carpenter’s glue are broken into small 
fragments and placed in a 500 ¢.c. beaker together with a fresh solution of 
4 Gm. of potassium acetate in 100 ¢.c. of distilled water. The beaker is then 
immersed in boiling water or in a glycerin bath at about 200° C. The latter 
method is the more rapid. It is allowed to remain until the glue is thoroughly 
dissolved, 

Received for publication, Sept. 6, 1944. 

*The work on which these observations are based was carried out under the auspices of 
the “Servico de Estudos e Pesquisas sébre a Febre Amarela,” which is maintained jointly 
by the Ministry of Education and Health of Brazil and the International Health Division of 
ee Foundation. The work was done in the Histopathological Section of this 


1294 








PARA: PROCESSED GLUE AND GLASS COVERSLIPS 1295 


(b) The beaker is “emoved from the bath and the white of one egg Is 
added. It is reimmersed for about five minutes and the mixture is stirred 
with a glass rod until the ege white is completely coagulated. 

(¢) The mixture is then filtered through three layers of gauze. 

(d) A second filtration is made using coarse filter paper.* 

(e) Steps b, c, and d are repeated. 

(f) The solution is allowed to cool and the glue is then neutralized with 
the M/5 KH,PO, solution, using phenol red as an indicator. 

(g) The glue is then placed in a wide-mouthed container of neutral glass 
(a beaker, for example) and kept in an incubator overnight at a temperature 
of 58° CL, which will reduce the volume to about one-half. 

(h) The heavy yellowish white sediment which forms on standing over- 
night in the incubator should be removed by filtering through gauze or thin 
cloth. 


(1) The elue is ready for use after filtering, 


PHYSICAL PROPERTIES? 


The glue has a high viscosity. It is limpid and similar to pure Canada 
balsam in color. It will keep for a long time in a well-stoppered dark vial 
in a cool place. 

Micromounting glue has the following physieal characteristics which are 


considered to be of importance in microscopic technique : 


Color of solution (in Lovibond tintometer, 1-inch cell) Combination of vellow 
20 and red 10.4 
Density at 25° C. 1.0903 
30 
Viscosity Engler C. 5.0 
2() 
pH at 20° U. 7.0 
Refractive index of micromounting glue solution at 25° C, 
(Abbe Zeiss) 1.5840 
Refractive index of dry micromounting glue at 25° C, (Abbe Zeiss) 1.4900 
Mean transparency of dry micromounting glue on slide (using Pul 
frich photometer and S57 filter SSH} 
Flexibility (180° angle) No modification 


Even after drying, the glue is easily soluble in water but is insoluble in 
aleohol, benzol, xylene, xylene-phenol, cedar oil, and other fat solvents. 


TECHNIQUE OF APPLICATION 


Apparatus for Dispensing Glue—An apparatus has been devised for 
applying micromounting glue in liquid form to the sections which have 
previously been coated with Canada balsam and dried. Figs. 1 and 2 
illustrate the construetion and use of this apparatus. It consists of a metal 
evlinder (height, 8.5 em.; internal diameter, 4.0 em.) mounted on a base plate, 
at the upper end of which a glass container is inserted. This container serves 
as a reservoir for the glue. It has a hole in the center through which a metal 
shaft passes. This shaft has a square cup at the top (capacity, 1.6 ¢.¢.; size, 

*Arthur H. Thomas Co., No. 51601. 

+The physical constants and properties of the micromounting glue have been determined 
through the kindness of personnel of the National Institute of Technology and the Division 
of Chemistry and Pharmacology of the Oswaldo Cruz Institute. 


+Under similar conditions, Canada balsam, with Arthur H. Thomas Co. No. 1. glass 
coverslip, gave a mean reading of D% = 90. 
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18 x 18 « 5 mm.) which may be lowered for filling by means of a handle at- 
tached to the bottom of the shaft. When in position for applying glue, the cup 
is raised to a level slightly above the edge of the container by means of a 
spring mounted on the shaft between the square cup and the bottom of the 
glass container. The shaft can be secured in the filling position by means of 
a clamp so that the apparatus may be covered when not in use. All the metal 
parts are chromium plated to avoid rust. 

Use of Glue With Hematorylin-Losin Stain—The following process has 
heen standardized in our laboratory for mounting sections stained with hema- 
toxvlin-eosin or a similar staining method. 

1. Stained sections of paraffin-embedded tissue, affixed to slides, are de- 
hydrated and placed in xvlol as usual. 

2. A slide is removed from the xylol and, after the latter has evaporated, 
one or two drops of a 50 per cent balsam-xylene mixture are applied by means 
of a thin elass rod, care being taken that the section of tissue is completely 
covered. Thus, a thin film of uniform thiekness, with a transparent surface, 
is formed over the tissue section. 

3. The slide is placed in an incubator in an exactly horizontal position with 
the section uppermost and allowed to remain for thirty minutes at a temperature 
of 56° C. 

4. The liquid micromounting glue is then applied on top of the dry layer of 
balsam by means of the apparatus previously deseribed. The movable cup is 
filled with glue and the slide, face downward, is brought obliquely in contact 
with the edge of the cup, turned down until it Hes horizontally, and then. re- 
moved and quickly inverted. The entire procedure should be one continuous 
and rapid movement. Care must be taken that the tissue section is well centered, 
It will be found that a uniform layer of glue, approximately 18 « 18 mm., has 
adhered to the slide. This may appear thicker than desirable, but subsequent 
drying reduces its volume to some extent, and also there is a slight spread. 

5. The slide, again in a perfeetly horizontal position, is allowed to dry in 
the incubator, face upward, for twenty minutes at 56° ©, 

6. The heat is then turned off, and fifteen minutes are allowed to pass with 
the ineubator still closed. 

7. The incubator is opened and, after fifteen to twenty minutes have elapsed 
and the temperature has fallen to 37 to 35° C., the slide may be taken out. The 
glue has now solidified, is thoroughly dry, and should be firmly adherent to the 
balsam and to the glass. The result is a smooth transparent film simulating a 
glass covers'ip, with a thickness between 10 and 14 micra, and about 21 mm. 
square. 

Use of Glue With Frozen Sections Stained With Sudan I11.—Kor frozen 
sections, when stained with Sudan IIL or other similar dyes, the technique of 
mounting is as follows: 

1. Stain the frozen section in the usual manner, 

2. Remove the section from water and place it on a slide over whieh a thin 
laver of Meyer’s albumin has been spread just previously. 

3. Dry with absorbent paper. 
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4. Apply the miecromounting glue in the manner deseribed for use with 
paraffin sections but do not use Canada balsain. 

». Dry at 56° C. as previously deseribed, 

Preparations stained with Sudan II, mounted in this manner, are per 


fectly clear for microscopic examination and ean be kept indefinitely. 


GENERAL REMARKS 

At first glance the application of mieromounting glue would seem to be 
limited by the same disadvantages mentioned by Edinger regarding his gelatin 
mount: namely, that it could not be used in connection with specimens stained 
hy water-soluble aniline dyes. This difficulty has been overcome, however, by 
an initial application of Canada balsam. The film is allowed to dry completely 
before the glue is applied. The glue adheres uniformly to the dry film of 
balsam, and it is not possible, even with the microscope, to deteet any space 
hetween the two or to detect the presence of air bubbles. 

For methods employing metallic impregnation, for hematoxylin stains, or 
for double-staining technique using simple dyes such as hematoxylin-eosin, van 
(iieson, Ziehl, the mounting process is carried out in an ineubator regulated at 
a temperature of 56° C 

Kor complex staining methods or when thermolabile dyes such as Giemsa, 
Mann, Gram-Weigert, Masson's trichromie are used, the technique is the same, 
with one exception. It is then necessary to carry out the drying of the balsam 
and the glue at a temperature of 37° C., sixty minutes for the former and two 
hours for the latter. The double mounting in balsam and glue can, if necessary, 
be carried out at room temperature; however, in this case the balsam will re- 
quire from one to two hours to dry completely, and the glue will require from 
two to three hours. 

The method previously deseribed may be emploved to carry out the prepara- 
tion, in series, of a considerable number of slides if special metal travs (for 
twenty-two slides each) are used for drying. With exception of the trays, the 
rest of the process for mounting a large number of slides is exactly similar to 
that described for mounting one slide. 

Slides prepared by the process described have been filed in direct contact 
with one another within twenty or thirty days after mounting and have shown 
no alteration after more than one vear. 

Although, up to the present, only sections from small blocks of paraffin- 
embedded tissue have been mounted by this method, there seems to be no obvious 
reason why larger specimens should not be handled in a similar manner, regard- 
less of the method of staining. 

Tissue sections which have been mounted in the manner deseribed can be 
examined with any degree of lens magnification, including the oil immersion lens, 

This new method of mounting has also proved applicable to films for micro- 


biologie or hematologic studies. 


SUMMARY 


A description is given of a process by which commercial carpenter’s glue, 


clarified and hardened, may be used as a substitute for glass coverslips in histo- 
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logie technique. This glue is applied over a layer of Canada balsam, except for 
some special stains of frozen sections, which are mounted directly. 

This substance has been termed **micromounting glue.’ 

This method of mounting has its principal application in tissue sections, but 
it ean also be used to preserve stained microbiologie smears. 

Sections mounted in this manner have shown no alteration after a year. 
The method may be emploved for the mounting of preparations for perms nent 
record. 
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A NOMOGRAM FOR ORGAN WEIGHTS OF CHILDREN 


Hiexry W. EpmMonps, M.1D.* 
SEATTLE, WASH. 


Hk normal growth increment of organ weights in childhood is so appre- 

ciable that it would overshadow many variations due to disease if it were 
not specifically considered in the evaluation of weights observed at necropsy 
of a child. The figures for average weights of the major organs at various 
ages, supplied by Coppoletta and Wolbach,t+ provide standards to which ob- 
served weights can be compared. It has seemed desirable to mark directly 
upon the dial of the seales used at autopsy the organ weights considered nor- 
ial for a given age. A graphic presentation of standards upon the scales dial 
makes possible the direct comparison of the observed and the expected weights, 
saving time for the pathologist and affording a visual demonstration for the 
clinician attending the autopsy. Such an age-weight chart, devised for the post- 
mortem room of the Children’s Orthopedic Hospital, is to be presented here. 

The seales employed is an ordinary commercial platter-type, fan-dial, 
springless balance manufactured for use on a market counter but eminently 
suitable for the post-mortem room. The fan-shaped dial is calibrated in pounds 
and ounees, with a numerical nomogram giving dollar-and-cents values. A mov- 
ing bar indicator, passing radially over the dial, is marked so that from it the 
dollar-and-cents value of the commodity on the scales platter can be read at 
various price levels (45 cents a pound, for example) designated on the bar. 
Since one pound avoirdupois is the equivalent of 0.4536 kilogram metric, it is 
obvious that the dial furnished on the seales will give direet metric readings in 
the segment of the nomogram opposite the 45-cents-a-pound mark on the moving 
bar, if one neglects an error of 3.6 Gm. per kilogram. Actually this inaccuracy 
ean be corrected by a slight adjustment of the seales machinery by a_ seales 
mechanic, 

The special nomogram of normal organ weights is illustrated in Fig. 1. It 
is designed to be pasted over the dollar-and-cents nomogram on the seales dial, 
as shown in Fig. 2.) In the special chart a gap is left as a window, through 
which the original markings on the 45-cents-a-pound line can be read. This 
section of the dial gives the actual metric weight of the organ being exaniined 
metric weight at forty-five deci-kilograms per pound. On the remainder of the 
special nomogram normal organ weights were plotted graphically against the 
various ages. The weights were entered on radii increasing from left to right, 
while the ages were entered on concentric circular segments increasing from 
top to bottom. The actual lines of the finished nomogram are smoothed curves, 
based on the plotted points of the Coppoletta-Wolbach weights. Another paster 

Received for publication, Aug. 12, 1944. 

*Pathologist, the Children’s Orthopedic Hospital. 


+Coppoletta, Joseph M., and Wolbach, S. B.: Body Length and Organ Weights of 
Infants and Children, Am. J. Path. 9: 55, 1933. 
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strip, also shown in Fig. 1, designed to be affixed over the indicator bar of the 
scales, carries numbers corresponding to the various ages of the range included, 
increasing in order from top to bottom. 

When a brain, for example, is placed on the seales platter, the moving 
indicator bar moves automatically so that it lies adjacent to the value of the 
actual metric weight of the brain in the window segment of the nomogram and 


adjacent to the value of the average weight of a brain for the specifie age con 





Crises Onermorrote 


fhusprrat 


Fig. 1.—A nomogram giving average weights of the major organs in the age range f1 
birth to 12 years. The fan chart is pasted on the dial of the scales, with the metric weis! 
(in deci-kilograms) indicated in the narrow circular segment. The strip bearing age value 
in vertical order (birth, 1 through 16 weeks, 6 through 24 months, and 3 through 12 years) 
is pasted on the indicator bar of the scales. NS, Spleen: 7/7, heart K, kidneys Lu, lungs 
Li, liver; Br, brain 





Fig. 2.—The nomogram dial and indicator bar affixed to a commercial platter-type, fan 
dial, springless balance for a direct comparison of observed organ weights and weights con- 
sidered average for the organs at the specific age, as well as for weighing in grams. 
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sidered in the segment of the nomogram opposite the specific age as marked on 
the bar. If the brain is of average weight for the age, then the bar margin will 
coincide with the line for brain weights (line Br on the nomogram). If the 
brain is above or below average weight, the bar margin will be found to the right 
or to the left of the Br line, respectively, in the zone corresponding to the 
age of the child examined. The proportional extent of overweight or under- 
weight is evident at a glance. 

Since the indicator bar moves when the seales platter is displaced (either 
by the weight of an organ or by pressure of a finger), the bar can readily be 
moved over so that the part of it marked for a particular age adjoins the line for 
a given organ. In this position the part of the indieator bar over the window 
segment will adjoin the corresponding metrie weight, allowing a direct reading 
of the average weight of the selected organ at the selected age. 

It will be noted that the line on the nomogram representing brain (By) is 
discontinuous. There is an apparent setback in weight of this organ between 
the ages of 12 and 14 months. This is an artefact explained as follows: The 
scales dial reads up to two pounds. Larger weights can be read if a tare weight 
is added to an auxiliary platter (other seales of somewhat different design ac- 
complish this by a tare weight sliding on a beam). For weighing a brain of a 


child older than 12 months (or any other organ weighing more than two pounds 


a 500 Gm. tare weight is added to the auxiliary platter to bring the indicator 


har back to the middle of the dial where the nomogram line for older (heavier 
brains is placed. A similar maneuver is necessary in the case of the liver of a 
child older than 12 vears; note corresponding break in the liver line (Li on the 
HnomMogram ). 

The nomogram values for the paired organs, lunes and kidneys, are those 
for both right and left lunes (or kidneys ) weighed together. 

The nomogram described has proved serviceable at the Children’s Ortho 


pedie¢ Hospital. It has been presented in the hope that others may find it of 


similar help and that it may increase the usefulness of the Coppoletta-Wolbach 


average weight values. 














CHEMICAL 


A SIMPLE METHOD FOR ESTIMATING SERUM ATABRINE 
CONCENTRATION 
Caprarin RoGer A. LeEwIs 
Mepican Corps, ARMY OF THE UNITED STATES 


A METHOD has been devised for the rapid estimation of serum atabrine 
level employing the equipment available in an overseas general hospital. 
With this technique, over ten thousand determinations have been performed 
during the past vear. The equipment and reagents when crated for air shipment 
weigh less than 200 pounds. A source of electricity and water is required. The 
chief reagents are petroleum ether and chloral hydrate. The major items of 
equipment are a small centrifuge and a portable ultraviolet lamp. It has been 
possible to set up the equipment in a combat area in twenty-four hours and to 
operate in the heat and humidity of an island within a few degrees of the 
equator. 

The fluorescence of atabrine may be detected in very dilute solutions, par- 
ticularly in a solvent such as chloral hydrate. However, normal serum contains 
other fluorescent substances which must. be removed. The separation of atabrine 
from other substances is based upon its solubility in acid aqueous solution and 
its relatively increased solubility in petroleum ether when the aqueous phase is 
rendered alkaline. When serum is shaken with petroleum ether, a gelatinous 
layer forms whieh may be broken up by adding a few drops of absolute ethy] 
aleohol. 

Unknown sera are compared with standard solutions of atabrine in water 
that have been similarly extracted. The comparison is made in ultraviolet light 
in a dark room. The light must be equipped with a Wood’s glass filter to pre- 
vent the transmission of visible light. Readings are easy to perform if the final 
solutions are compared in a wooden rack with an oblique base that has been 
painted black. 

PROCEDURE 


Fifteen cubic centimeters of blood are withdrawn from the fasting patient 
and placed in a 15 ¢.c. centrifuge tube. After the blood has clotted, it is ringed 
with a glass rod and centrifuged for fifteen minutes. The serum is deeanted 
into a Wasserman tube and recentrifuged for five minutes. It is then placed 
in a 15 @e. centrifuge tube that has been calibrated at 5 and 11 ©.c. so that any 
excess serum may be pipetted off. 

In similar tubes, .1, .2, .3, .5, 1.0, and 2.0 ¢.c. of a .05 mg. per 100 ¢.¢. solution 
of atabrine are placed to correspond to a final dilution of .001, .002, .003, .005, 
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O10, and 020 me. per 100 ee. The 05 me. per 100 e.c. solution is made up fresh 
each day by a fiftv-fold dilution of the stoek standard. The latter is made up 
from atabrine dihydrochloride to a concentration of 2.5 mg. per LOO cee, and 
kept in a dark bottle in a cool place. It should be noted that the primary stand- 
ard is atabrine dihydrochloride rather than the free base. 

To the unknown and standard solutions 1 ¢.c. of 1 normal sodium hydrox- 
ide and 5 ce. of petroleum ether are added. The latter should be redistilled, 
the fraction boiling below 50 or over 70° C. beine rejected. The tubes are 
corked with specially prepared rubber stoppers and shaken five times, first 
vently, then vigorously. The alkali and petroleum ether are added to six tubes 


which are then shaken and centrifuged for five minutes while the next six tubes 


TABLE | 


RESULTS 


DATI MEDIUM PHEORETICAT RECOVERY CZ ERROR 
MG. PER 100 ©C.c.) (MG. PER 100 C.e. 
8/4 Plasma 025 027 S 
8/9 Plasnin O00 O00 0 
S/17 Plasma 020 OP0 0) 
8/17 Plasma 04 O04 () 
8/25 Plasma O50 59 17 
8/31 Serum O10 O11 10 
Q/ 4 Plasma 0038 008 0) 
9/ 7 Plasma 005 O03 0 
Q/ 7 Plasma 004 O04 0) 
4 7 Plasma 1D O15 0 
9/ 8 Plasma 50 O27 10 
Y/Y Plasma O12 09 25 
9 ] Plasmin LOIS “15 17 
9/10 Serum O10 012 20 
G/10 Plasmn O05 O04 Yt) 
9/11 Plasma MOD O04 20 
9/12 Plasma 05 008 0 
9/15 Plasmin O17 LOIS 4) 
9/14 Plasma 02 O02 0 
9/15 Plasma 09 009 0) 
9/16 Plasma O16 O15 6 
9/18 Plasma 007 07 0 
G/19 Plasma O04 06 50 
9/20 Plasma O15 O17 12 
9/21 Plasma O12 O12 0 
9/22 Plasma 020 20 i) 
9/23 Plasma 0S 0S 0 
9 /24 Plasmis O1S LOTS () 
9/25 Plasmin O04 04 () 
4/20) Plasma 05 002 50 
9/27 Plasmin O17 20 IS 
9/28 Plasmas O30 O30 () 
9/29 Plasma BLD hes O12 ( 
Y/30 Plasma 20 020 0) 
10/ | Plasma 05 05 0) 
10/ 2 Plasma O10 L009 10 
10 Plasma O10 O11 10 
10/ 4 Plasma 020 O10 5 
10/ 6 Plasma O50 035 17 
10/ 7 Blood O20 O20 () 
10/ S Plasma 20 021 > 
10/ 8 Blood 020 026 () 
10/ 9 Plasma O10 009 10 
10/10 Plasma O20 O18 LO 
10/1] Plasma O10 O09 10 


Total number 15 Average error S% 





| 
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are being prepared and shaken. A few drops of absolute ethyl aleohol are added 
to the laver which forms, and the tubes are again centrifuged for five minutes. 
It is helpful to agitate the gelatinous laver with a glass rod after adding the 
aleohol. 

White stoppers® were used to cork the serum petroleum ether mixture. 
It is necessary to soak them for fifteen minutes in petroleum ether and to boil 
them for fifteen minutes in a very dilute alkali several times. To reduce further 
chances of contamination from traces of wax peneil, the tubes were numbered 
and graduated with a diamond peneil. 

A + ee. aliquot from each of the petroleum ether extraets is placed in a 
clean dry centrifuge calibrated at 4 e.¢. for that purpose. Then 1 ce. of a 
saturated aqueous solution of chloral hydrate is added to each tube. Each tube 
is corked with a rubber stopper that has been wiped with chloral hydrate and 
shaken briskly for one minute. One cork is sufficient for all the tubes if it is 
wiped carefully. The tubes are then centrifuged for five minutes and the pe- 
troleum ether suctioned off. The tubes are again centrifuged for five minutes 
to clear the extract which is then ready for reading. 

In comparing the unknown extracts with the extraets of the standard solu- 
tions, it is advisable to stand directly behind the ultraviolet light. The latter 
should be switched on five minutes prior te use. A violet fluorescence indicates 
the presence of quinine. A blue-gray fluorescence shows that there has been 
contamination. If neither of these is present it is comparatively easy to match 
the green fluorescence of atabrine against the standard extracts although chev 
both contain a slight gray fluorescence due to dissolved gases. Oceasional values 
may be interpolated, although for clinical purposes readings under .0OL mg. per 
100 ¢.¢. are referred to as a trace, 

When the standards are made up with distilled water it is advisable to run 


control solutions made up in serum. These control studies form the bases of 


Table I. 
DISCUSSION 

This method, though relatively simple, requires considerable care. Inas- 
much as the cellular constituents of blood have a high atabrine content, it is 
essential that the serum or plasma be entirely free of these elements. Agitation 
of the serum and petroleum ether must be very thorough. Efficient extraction 
is marked by a transient blue color which develops when the petroleum ether 
and chloral hydrate are shaken. This will not oeeur if the chloral hwdrate is 
not saturated. The cleanliness of the glassware and rubber stoppers is very 
important. The latter may be cleaned in petroleun: ether and allowed to stand 
in dilute alkali. Chloral hydrate, sodium hydroxide, and aleohol do not usually 
require any purification. The petroleum ether and the water must be redistilled. 
When massive treatment is given, higher standards are needed, and when sup- 
pressive levels are measured, lower standards afford an advantage. The 
preparation of serum or plasma is as time consuming as the actual extrac- 
tion. The final reading takes about fifteen minutes. Two persons can perform 
fifty determinations daily, collecting the specimens and cleaning the glassware. 


*Obtained from Sharp & Dohme plasma sets. 
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When serum is transported by air it should be corked with paraffin-covered 
stoppers and kept as cool as possible. The blood should be centrifuged as soon 


as possible after collection, whether serum or plasma is being used. 


SUMMARY 


A method is presented for the estimation of serum atabrine concentration. 
ive cubic centimeters of serum are alkalinized with 1 ¢.c. of 1 N sodium hydrox- 
ide and extracted with 5 ¢.e. of petroleum ether. An aliquot of 4 ¢.e. of the 
petroleum ether is re-extracted with 1 e¢.e. of chloral hydrate. Standard solu- 
tions covering the observed range of concentration are similarly extracted. The 
unknown extracts are compared with the standard extracts in ultraviolet lght 
that has been filtered through Wood’s glass. The method is simple and rapid. 
It is especially suited for field use under tropical conditions. The average er- 
ror is less than 10 per cent, although at very low values the error may be 50 


per cent unless interpolations are made. Interfering substances are easily recog- 


nized so that false readines are eliminated. 




















BOOK REVIEWS AND NOTICES 


Malaria: Diagnosis, Treatment, Prophylaxis. I}y William Newbold Bispham, 
M.D., Colonel, U.S. Army Medical Corps (retired). The Williams and 
Wilkins Co., Baltimore 2, Md.. 1944. Price $3.50. Cloth with 1838 pages. 


This book presents a brief but unusually concise and complete coverage of 
the subject of malaria in 188 pages. The reviewer is first impressed with the 
thought that 188 pages of text is not sufficient to cover such a large subject as 
malaria in the proportions outlined, but the author has done remarkably well 
with all phases of the subject. Beeause of its brevity, the book is not to be re- 
garded as an enevelopedie source of information on malaria but rather as an 
abbreviated treatise containing essential information that a praeticing physician 
unfamiliar with malaria should know if he plans to practice medicine in a 
malarious country. As such, it can be recommended to all physicians who are 
voing to deal with the problems of malaria. It would be possible for a physician 
to treat malaria well with the niost modern and accepted methods, if this book 


were read and followed. Also, a good review of the disease is provided. One 


is impressed with the thoroughness of preparation «nd the reliability of stated 
opinions since each chapter hes been reviewed by a man who is am authority in 
that field of malariology, There are no original illustrations, but ihe parasite 


is well illustrated in the few color plates given. Several points for question can 
he raised pertinent to the pathogenesis of systemic diseases compleated with 
Malara, as ter example, on page 84 the author makes the siatesment thar malaria 
frequenify causes miliary tubereulosis. The deleterious effect of malaria on 
tuberculous infection is well known but that it causes miliary tuberculosis is 
open fo serious question, The word tubereular is frequently misused for 
tuberculous. 
W. O. R. 


Trichinosis. I}v Sylvester E. Gould, M.D., D.Se., Pathologist and Director of 
Laboratories, Eloise Hospital, Eloise, Mieh.; Assistant Professor of Pa- 
thology, Wayne University College of Medicine, Detroit, Mich. Charles C 
Thomas, Springfield, Hl. Price $5. Cloth with 3856 pages, 128 illustra- 


tions. 


This new monograph on trichinosis presents in detail the pathology, epi- 
demiology, and clinical manifestations of the disease. It is written by one 
who has obviously been a keen student of trichinosis for many vears. He has 
brought together in a single volume a superb collection of photographs and all 
of the available information relating to the parasite and its behavior in the 
animal body. Dr. Gould’s presentation is clear and simple and at the same time 
sufficiently eritical. The discussion of the microscopic pathology is particularly 
iuminating. In the mind of the reviewer the book constitutes one of the best 
short medical monographs published during the last ten vears. 


W. B. W. 
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Practical Methods in Biochemistry. By Frederick C. Koch; Frank P. Miron, 
Distinguished Service Professor Emeritus of Biochemistry, University of 
Chicago; Director of Biochemical Research, Armour and Co., Chicago; and 
Vartin EF. Hanke, Associate Protessor of Biochemistry, University of 
Chicago. Fourth edition (revised). Williams & Wilkins Co., Baltimore, 
Md. Price $2.25, Cloth with 353 pages. 

Metastases. [iv Melford W. Thewlis, M.D... Attendine Specialist, General 
Medicine, UL S. Public Health Tlospitals, New York City; Attending 


Physician, South County Hospital, Wakefield, Roo Io; Speetal Consultant, 


Rhode Island Department Publie Health; Author Care of the Aged 
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